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MATHEMATICS.—Rings associated with the rings of endomorphisms of finite 
groups.' JOHN F. CiarK, JR., George Washington University. (Communicated 
by F. E. Johnston.) 


In recent years the study of rings of endo- 
morphisms has been given increased atten- 
tion as a method for the study of abstract 
rings. It is the purpose of this paper to de- 
velop methods to determine the rings of 
endomorphisms and all other associated 
transformation rings of certain finite groups. 

Group, ring, and field—A group G is a 
set of elements a, b, c, --- , which is closed 
with respect to the associative operation 
+, includes an identity element 0, and con- 
tains an inverse element —a for each ele- 
ment a. A group is abelian ifa +b =b+a 
for every pair of elements in G. A ring R 
is an abelian group which is closed under a 
binary operation of multiplication which is 
associative, and distributive with respect 
to addition. An integral domain is a com- 
mutative ring, with a unity element 1 and 
no divisors of zero. A field F is an integral 
domain in which division always exists. 
It may be defined more simply as a com- 
mutative division ring. 

Classes of finite groups —If the number of 
elements in a group is finite, then that 
group is said to be a finite group and the 
number of elements is the order of the group 
Henceforth the term “group” will denote 
“finite group” unless otherwise stated. A 
group G is said to be cyclic if all its elements 
a, b, c, --+ may be obtained by taking the 
additive powers of some appropriately 
chosen element. If-this is not possible, the 
group is said to be noncyclic. 

Rings of transformations.—Consider any 
arbitrary group G, together with its collec- 
tion 7) of single-valued transformations 
of G onto a subset of G. Any two transforma- 
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tions A and B are regarded as equal if the 
images xA and xB are identical for all ele- 
ments x in G. Then convert 7) into an al- 
gebraic system by introducing two opera- 
tions. The sum of any two transformations 
A and B in T'@) is defined by its effect on any 
element x in G as follows: 


x(A + B) = 2A+2B 


In the same manner, the product of A and B 
is defined as follows: 


2(AB) = (xA)B 


The following facts regarding the system 
Te) result as a consequence of the above 
operations: 

(1) T is a group relative to addition. The 
identity transformation 0 is defined 
by the equation 20 = 0. The inverse 
of A equals the negative of A, and is 
defined by the equation z(—A) = 
—zA. 

) T possesses the following characteris- 
tics of a group with respect to multi- 
plication: (a) (AB)C = A(BC), (b) 
A(B + C) = AB + AC, (c) The 
unity transformation 1 is defined by 
xl = @z. 

Therefore, as Jacobson has shown, the 
system 7'(¢) satisfies all the conditions re- 
quired of a ring except for the commutative 
addition relation: 


(1) A+B=B+A 
and the second distributive law: 
(2) (B+ C)A = BA+CA 


The problem of the determination of the 
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transformation rings of G has thus been 
resolved into the determination of which 
subsets of 7 are closed with respect to both 
addition and multiplication, and also satisfy 
equations (1) and (2). Obviously, if @ is 
abelian then equation (1) is automatically 
satisfied. 

As an example, consider the cyclic group 
of order 3. Its elements may be represented 
by 0, 1, and 2. The rule of combination is 
ordinary addition, modulo 3. In this 
T«) contains 3° or 27 terms of the form 
{0 1 2| 
labe) 
1, or 2. In the identity transformation (0), 
a, b, and c each equals the element 0; while 
in the unity transformation (1), a equals 0, 
b equals 1, and ¢ equals 2. Each addition or 
multiplication table of the 27 


“ase, 


, in which a, b, and c each equals 0, 


27 elements of 
T.¢) contains (27)? or 729 resultant sums 
or products. The difficulties inherent in the 
task of computing and inspecting these 
tables in order to select the rings of trans- 
formations of even so trivial a group are 
obvious. 

A more logical method of attack consists 
of an analysis of the general transformation 
- fO22 
a \a b cf 
In equation (2), substitute A = 7, and B = 
C = 0, the identity transformation: 


(012\ , f012\]fo12) 

\o00/ * \000f f\abe 
_ {012) {01 2) 
~ \000f \abe; 


012\ 012) , fo12\ 
eve wie 0 vi 
a=a-+ta 


Since 0 is the only element of G which will 
fulfill the last equation, a must be 0 in any 
transformation which may be included in 
the same ring as the transformation 0, as 
equation (2) applies to every element of a 
given ring. Since the transformation 0 must 
be in each ring of transformations as the 

ease eee Gus 2b 
additive identity, T, = io b c| 


of the cyclic group of order 3, T,, 


(012) [012) 
\000/ \ab cf 


Therefore: 


> must be the 
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form of each transformation in every ring 
of transformations R,z, derived from th 
cyclic group of order 3. In order to deter- 
mine which transformations of the 
fO 1 2) 
\0 1 


form 


may be included in any Rin, it 


equation (2) let A = B = 
01 2\ 012\ 1/012) 
\Olef * Ole }\O1e 
_ {012\ fo1 2) 
~ \Olef Ole 
fo12\ _ f012\ 


\oe-{ \o2-f 


Therefore: 


012) {012 
\Olec! Ole 


c=2 


In the same manner, if b = 2, ¢ 
ec = 1,6 = 2; and if c = 2,b = 1. 

All transformations except 0, 1, and A = 
{0 1, 2) 
\o 2 1f 
further consideration as elements of any 
ring of transformations, since these remain- 
ing three 7, are the only transformations 
sapable of satisfying equation (2) as applied 
above. It has not yet been proven, however, 
that any of these transformations are ele- 
ments of any ring. The addition and multi- 
plication tables, respectively, for these 
three transformations are as follows: 


have thus been eliminated from 


se 

:..& 
A 0 

0 1 


By inspection, these elements are commuta- 
tive and the set of elements is closed with 
respect to both addition and multiplication. 
Substitution of these elements in equation 
(2) satisfies the equation with all possible 
combinations of 0, 1, and A. Therefore, 
this set of three transformations forms a 
ring. In addition, it is obvious by inspection 
that the transformation 0 is also a ring, the 
only proper subring of the ring of order 3 
just discussed, and the only other ring of 
transformations included in the totality of 
transformations T'(¢) . 
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Rings of endomorphisms.—Consider the 
subset Eig) of Te) consisting of the endo- 
morphisms of an arbitrary group G. A trans- 
formation A of a group is an endomorphism 
if it is a homomorphism of the group into 
itself. Two groups are homomorphic if there 
exists a one-way correspondence between 
their elements such that to every element of 
the first group there corresponds a unique 
element of the second, but not conversely. 

The above definition of an endomorphism 
may be expressed as follows: 


(3) (2+ yA = 2A + yA 


for all elements x, y, --- in G. From equa- 
tion (3), if A is in Ey) and B and C are ar- 
bitrary elements of 7c) , then: 


(B+ C)A = BA+CA 


Therefore, the elements of E satisfy equa- 
tion (2). In addition, these elements are 
obviously closed with respect to the multi- 
plication defined in Tg) , since (x + y)AB = 
(cA + yA)B = xAB + yAB. 

Thus, the set Ey) satisfies all of the re- 
quirements of a ring except the additive 
closure property and equation (1). If G is 
commutative these two conditions are satis- 
fied. Consequently if G is an abelian group, 
the set Ey) forms a ring. 

The elements of Eg) may be determined 
for any specific group such as that of order 
3 previously discussed by substituting var- 
ious elements of G for x and y, and T’, for 
A in equation (3). If x = y = 0, then in T, , 
a=0.lIff=y=1,thenin7,,c=b+b. 
The only 7.) which fulfil these conditions 
are 0, 1, and A. These three transformations 
satisfy equation (3) with any combination 
of elements of G substituted for x and y. 
Therefore, Ey): 0, 1, A is the same ring 
which was previously shown to be the largest 
ring included as a subset of the totality of 
transformations 7T¢) of the cyclic group of 
order 3. 

Transformation rings of cyclic groups of 
arbitrary order r—The general cyclic group 
of order r, when r is any positive integer, 
may be represented by the integers 0, 1, 2, 

- , (r — 1) where the rule of combination 
is ordinary addition, modulo r. Its addition 
table is given in the following table: 


RINGS OF ENDOMORPHISMS 


387 


AppiT1on Tas_Le or THE Cyciic Group or ORDER 


(r—1) 


é (r—1) (r—1) (r—2) 
Addition is commutative, and the identity 
element is 0. The general transformation 
on (012---r-—-2r— 
T, = 4 

\a be--+ m n | 
case with the cyclic group of order 3, the 
transformation 0 must be in every ring of 
transformations included in 7',) , since it is 
the additive identity element. So, in equa- 
tion (2), substitute A = T, and B = C = 0: 


(012---) . {012---)]/012--- 
\ < } 
eda. ieaadl 


1] ) 
'. As was the 


\a be--+ 
_ {012---\ f012---) 
~ \000---f\abe---f 

012---\ f012.--. 
T 1000---{\abe---| 
012-+*) (O1 


fO12---\ _ bard 
-{~ \aaa---{* \aa 


\a aa:- 
Therefore: 
a+a 


Consequently, a = 0 in any transformation 
of any cyclic group if that T:¢) is an element 
of any ring of transformations. 
In equation (2), let A = B = C = 
O12---r—2r-— 
lo be--:m 
Tg in any Ry . Now suppose b = 1. Ex- 
panding only pertinent terms: 


ere. phtore fiers: 
ee ee 
+ Winetotec 


vente Ha Spal gs oe 


a= 


1 : 
\, the form of any 
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Therefore: 
=1+1=2 


Then, let A = B = ‘0 sho : ; ; and C = 
B + B, in equation (2). In the same man- 
ner as above, solution of equation (2) yields 
This procedure may be extended 
pris: ROBE La i 
ig, 12-.. mTGEE Fisnes 


d = 8 


until A = B= 


= —— ———. Solution of equa- 
B+ B + soo + B 

tion (2) yields n = r — 1. Therefore, the 
only transformation in which b = 1, and 
which can be in any ring, is the unity trans- 
formation. 

In order to determine which other Ti 
may be in the same ring as the unity trans- 
formation 1, substitute B = C = 1 in equa- 


tion (2): 
{0 12. (012--- 01 2:--- 
\012-. tous --{]\0b c---f 

ee 

1 he “f 


012-- 
012-. 
fO12---\ | 
\Oc-::: a 


Therefore: 


2: 
2- 
012-- 
0 be:-- 


hod 012---) 
\o ne pe 


=b+b 


In the same manner, if B = 1 and C = 

1 + 1, then d = b + b + b. This process 

may be continued until, if B = 1 and C = 
r—2 


remnant 


ee “Se ae See 


1 ae then 


It is evident that if b is assigned a value, 
all of the other elements of the lower row 
of J, are uniquely determined. Since. b 
may be assigned values from 0 to r =~ +1, 
r values in all, there may be a maximum of 
r transformations in the same ring as the 
transformation 1. 

It should be noted that if b = 0, the trans- 
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formation 0 is obtained; if b = 1, the trans- 
formation 1 is obtained; and, in general, 


if b = ————— the transformation 


+--+] 


Pp é , ‘ 
—__—~———. is obtained. Of course the r’’ 


i eye 
additive power of the unity transformation 
of a cyclic group of order r is the zero trans- 
formation. Thus, it has been shown that if 
the unity transformation 1 is in any ring, 
it is in the ring consisting of the r additive 
powers of itself, and no other transforma- 
tions. However, it has not yet been proved 
that 1 is in any Roy. 

Now consider E,¢) , the ring of endomor- 
phisms of the cyclic group of order r, and a 
subset of Tig) . It is known that £ is a ring 
because the cyclic group of order r is abelian. 
Since the elements of Eg) must satisfy 
equation (3) for all combinations of the ele- 
ments of G, let A = T,, andz = y = 
Equation (3) becomes: 


(012---r—1) 
abies | PES n f 
(01.2--+7 ~ 1} 
\a bes: n | 


+0 fe1s-. 


\a bc--- 


a=a+t+a 


Therefore, a = 0 in every endomorphism 
of G. This conclusion agrees with the pre- 
vious result that a = 0 in any transforma- 
tion which is an element of any Ri. If 
A = T,, and z = y = 1, equation (3) 
becomes: 


= 0 


012---r—1 
oS eth wt 
wig dO h2: —-r—l 
\a bes: n 
f012---r—1 
4 Sey gees n 
c=b+b 


This process may be continued in the same 
manner until, if A = T,, x = 1, and 
r—1 


ee eee 
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Therefore, by inspection and comparison 
with previous results, the ring of endo- 
morphisms of any cyclic group of arbitrary 
order r must consist of the r additive powers 
of the transformation 1, since the same con- 
ditions must be fulfilled by the elements of 
E@ as by the r additive powers of (1), and 
these r transformations each satisfy equa- 
tion (3) for any combination of elements in 
G. 

The preceeding properties of the trans- 
formations of a cyclic group of order r, 
when r is any positive integer, may be sum- 
marized as follows: 


1. If any transformation 7g) is in any ring 


: 012---r—1 
R(r), it must be of the form? } > $ i 


2. If, inthe above 7g), b =1, then if T,g) is in 
any R(r) the former must be the unity transfor- 
mation 1. 

3. The only ring which contains the unity trans- 
formation is the ring of endomorphisms Eg). 

4. E:g) consists of the r additive powers of the 
unity transformation 1, the transformation 0 being 
the r additive power of (1). 

5. E:g) isnot a proper subring of any larger ring 
in Tq). 


Transformation rings of cyclic groups of 
prime order p.—Consider those groups whose 
order is any prime p. It has been demon- 
strated that such a group is a cyclic group, 
and contains no proper subgroup other than 
that consisting of the identity element 
alone. Moreover, each element of G, except 
the identity element 0 is of order p. From 
the properties of a cyclic group of arbitrary 
order, it is known that the p additive powers 
of the transformation 1 comprise the ring 
of endomorphisms E) ; that this ring has 
only one subring Ri), composed of the 
transformation 0 alone; that the unity trans- 
formation 1 is not an element of any ring 
other than Ey) ; and that each 7'¢) in every 
012---p-1 
Obc--- mn : 

In order to determine which transforma- 
tions (if any) other than those contained 
in E(¢) may be included in any R(r), 
select an arbitrary 7, not included in Ee) . 
First, suppose in 7; b # 0. Any additive 
power of 7; is included in the same ring as 
T; ; and since every element of G, other 
than 0 is of order p, in some additive power 
of 7,,b = 1. But if b = 1 in some T, then 


Ri) is of the form 
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that transformation in order to be in any 
ring must be the unity transformation 1; 
and in order for 7 to be in the same ring as 
1, it must be included in E,¢) , which is con- 
trary to the original hypothesis that T is 
not included in Ey) . Therefore if 7, is not 
included in Ew), b = 0. 

Unless some element in the lower row of 
T, is different from 0, 7; is the transforma- 
tion 0, which is included in Ew). Denote 
such a nonzero element by f. Again, the p 
additive powers of 7; must be in the same 
ring as 7;, and in some such power 7, 
f = 1. In equation (2), let A = B=C = 


, 


Ss pew Ke. fO12-+-8-- 
pede oxic --fTlo0c apt ae 
(O12---8 a 


\00¢ eek es 
_ f012++-8 -++| fO12+-+8- 
~\00c +++ 1+: \O0c +++ 1+. 
(0.12 +++ a ++) (O12 +0 ge eee 
ay Tikes \OOe «++ Less 


\O0c- 
O12 sseee--| JOl Zeer geese 
BO hss 6seel. , 1D amen Os so 

c 0 


a. 


Therefore: 


In the same manner, if A = B = T,, and 
C = T; + T;, then d = 0. This process 
may be extended until A = B = T,, and 
p—2 

C = Ty; +---+ T;, whence n = 0. 
Therefore all elements in the lower row of 
T, must equal 0, which is contrary to hy- 
pothesis. 

It has thus been proven that if any 7; 
of a group of prime order is not an additive 
power of the transformation 1, then it can- 
not be an element of any ring of transforma- 
tions included in 7(¢), and thus Ey) and 
Rw) are the only two rings included in the 
totality of transformations Ti). It should 
be noted that the ring of endomorphisms 
of a prime order group is also a field, since 
multiplication is commutative and division 
always exists. 

Transformation rings of cyclic groups of 
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order p*—Prime-power groups, or groups 
of order p* where p is a prime and k isa posi- 
tive integer greater than 1, may be either 
eyclic or noncyclic. This section deals only 
with cyclic prime-power groups. 

The statements given in the preceding 
section regarding prime order groups may 
be extended to prime-power groups to some 
extent. In a prime-power group, all elements 
are of order p* except for 0 and the other 
multiples of p. Therefore, if any element in 
the lower row of 7, is any non-zero element 
not divisible by p, then the proofs applicable 
to the prime order groups apply, and that 
T, must either be an element of Ey) or 
else it is not included in any Ry . 

This fact makes the selection of all pos- 
sible Ri, of a prime-power group consider- 
ably simpler. For example, the simplest 
prime-power group is the cyclic group of 

der 4. in which T, = 19} 23). this or 
order 4, in which T, = la b cdf" 1is group 
has associated with it 44 = 256 different 7’. 
Since a = 0 in any T which is included in 
any Ry , only 4° = 64 T remain possibilities 
for inclusion in any R. Now, if any T in 
which any element in the lower line is an 
element of G not divisible by p, namely 1 
or 3, may be eliminated from consideration 
as an element in any R,7) other than Ey) , 
then the possible elements of any ring have 
been reduced to 2* in number, plus those 
elements of the ring of endomorphisms not 
included in the above eight possibilities. 


l+1=\Q200 


Ee) consists of 0, 1, A 020 of 


238i A. : 
9 43 The six 


andB=1+1+1 


remaining possibilities 

c — (0123), 0123). 
~ 1000 2f’ 200)’ 

E 0123\. 123\. 
~ \0020f’ 022)’ 


Bn trie e ope 
0220)’ 222! ° 
Neither 1 nor B is in any Ri other than 
Eve, since either transformation, when 
added to any 7) other than those in Ey) , 
produces a resultant 7¢) which has been 


JOURNAL OF THE WASHINGTON ACADEMY OF SCIENCES VOL. 40, NO. 12 


proven to be an element of no Rir. E is 
not an integral domain nor, of course, 
field, because it contains a divisor of zero, 
namely A, since A-A = 0. As always, 
Ro) is a subring of EZ. It should be noted 
that there is also another subring of Ey 
consisting of 0 and A. In general, any ele 
ment of a ring of endomorphisms of an orde: 
less than that of the group will be an ele- 
ment of a sub-ring of FE of the same order 
as that element. 

The addition and multiplication tables 
for the remaining eight transformations are 
given in the following tables: 

MULTIPLICATION TABLE OF 


TRANSFORMATIONS OF THE 
Cycric Group or ORDER 4 


AppiT10on TABLE or TRANs- 
FORMATIONS OF THE CYCLIC 
Group or Orver 4 

OACDEFGH |OACDEFGH 
OACDEFGH Oo 00000 
AODCHGFE J OAAAA 
CDOAFEHG ; occce 
DCAOGHEF ODDDD 
EHFGOCDA é OEEEE. 
FGEHCOAD ; OFFFF 
GFHEDAOC ; OGGGG 
HEGFADCO OHHHH 
inspection, addition and multiplication 
are closed, and addition is commutative. 
Therefore, if equation (2) is universally 
valid then these elements form a ring. Let 
B and C of equation (2) equal any element 
of the above eight, and A of equation (2) 
equal 0, A, C, or D. Under these conditions, 
equation (2) becomes 0 = 0 + O, because 
any of the above eight transformations 
multiplied by 0, A, C, or D equals 0. If A 
of equation (2) equals EZ, F, G, or H, equa- 
tion (2) becomes (B + C) = B + C, since 
any of the above elements multiplied by 
E, F, G, or H equals the former transforma- 
tion. Therefore, the transformations 0, 
A, C, D, E, F, G, and H form a ring R,. 
This ring is neither an integral domain nor a 
field, due to the many divisors of zero which 
are present. 
Again by inspection of the above tables, 
there are subrings of R, as follows: 


1. 0. This ring is also a subring of E,¢), and is an 
integral domain and a field. 

2. 0, A. This ring is also a subring of E,g), but 
is neither an integral domain nor a field. 

3. 0, C. This ring is neither a field nor an in 
tegral domain. 
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4. 0, D. This ring is neither a field nor an in- 
tegral domain. 

5. 0, E. This ring is also a field and an integral 
domain. 

6. 0, F. This ring is also a field and an integral 


domain. 

7. 0, G. This ring is also a field and an integral 
domain. 

8. 0, H. This ring is also a field and an integral 
domain. 

9. 0, A, C, D. This ring is neither a field nor an 
integral domain. 

10. 0, A, E, H. This ring is neither a field nor 
an integral domain. 

11. 0, A, F, G. This ring is neither a field nor 
an integral domain. 

12. 0, C, E, F. This ring is neither a field nor 
an integral domain. 

13. 0, C, G, H. This ring is neither a field nor 
an integral domain. 

14. 0, D, E, G. This ring is neither a field nor 
an integral domain. 

15. 0, D, F, H. This ring is neither a field nor 
an integral domain. 


Transformation rings of cyclic groups of 
order pqg.—Groups of order pq, where p and 
q are primes, may be either cyclic or non- 
cyclic. This section deals only with cyclic 
groups of order pq. 

In cyclic groups of order pq, all non-zero 
elements of G,, are of order pq except for 
multiples of p and q. Therefore, if any ele- 
ment in the lower row of 7, is any non-zero 
element not divisible by p or q, then the 
proofs applicable to the prime order groups 
apply, and that 7, must either be an ele- 
ment of Ey) or else it is not included in 
any Ro. 

In a manner similar to that outlined for 
prime-power groups, the above fact makes 
the selection of all possible rings of trans- 
formations much easier. For instance, con- 
sider the cyclie group of order 6, in which 

(012345) 

labcde fi’ 
tion of a eyclic group which may be in- 
cluded in some 7), a = 0. In addition, 
any T in which any non-zero element of 
the lower row is an element of G not divisible 
by p or g, namely 1 or 5, may be eliminated 
from consideration for inclusion in any ring 
other than E,). This limits further con- 
sideration tc transformations in which 
b, c, d, e, and f equal 0, 2, 3, or 4, a total of 
4° possibilities. 

In order to further reduce the number of 


As for any transforma- 


CLARK: RINGS OF ENDOMORPHISMS 


391 


possibilities, in equation (2) let A = B = 
C = T,, and suppose c = 2. Expansion in 
the customary manner yields the result that 
if c = 2, then e = 4. In the same way, if 
4, then e = 2; if e = 2, thence = 4; 
and if e = 4, then c = 2. Again, in equation 
(2), if b, c, d, e, or f equals 2, then e = ¢ +c. 
In the same manner, if b, c, d, e, or f equals 
4, then c = e + e; and if b, c, d, e, orf 
equals 3, then 0 = d + d and therefore 
d = 0 or 3. 

Consequently, if any element in the lower 
row of 7, equals 2, then in order for T, 
to be in any ring, e = c + c, and therefore 
e=0,204. Ife =2c= 4. Ife = 4, 
ec = 2. Ife = 0,¢ = 0 or 3. Suppose c = 3. 
In?T,+7,+T7, + T, + T, = T7;, the 
element which originally equalled 2 now 
equals 4, and c; equals 3. But if some ele- 
ment of the lower row of 7; = 4, then c; = 
és + es. But this is impossible if c; = 3, 
since the sum of any element added to itself 
is 0, 2, or 4. Therefore, c + 3 when e = 0 
and some element in the lower row of T, 
equals 2. In the same manner, if any ele- 
ment in the lower row of 7, equals 4, then 
either c = e = 0, orc = 2 ande = 4, or 
4 and e = 2. Recapitulating, if any 
element 6, c, d, e, or f of 7, equals 2 or 4, 
then for that 7, to be in any ring of trans- 
formations one of the following conditions 
must hold: (1) c = e = 0; (2)c = 2,e = 4; 
(3) c = 4,e = 2. 

With the above restrictive conditions, it 
is indicated that all rings of transformations 
of the cyclic group of order 6 may be de- 
rived as subrings of the following seven 
rings: 


c= 


c = 


1. E.g), consisting of the six additive powers 
of the unity transformation 1. The order of the 
ring is 6. 

2. R,, in whichineach 7',;,b, d, and f each equals 
0 or 3, and c equals 0, 2, or 4, thus determining e 
Its order is 2*-3 = 24. 

3. Re, in which in each T2, 6, c, 
equals 0 or 3. R: is of order 2° = 32. 

4. R;, in which in each 7,3, b and c each equals 
0, 2, or 4, thus determining e, and d and f each 
equals 0 or 3. R; is of order 3?-2? = 36. 

5. R,, in which in each 7,;,6 and d each equals 
0 or 3, and c and f each equals 0, 2, or 4, thus de- 
termining e. R, is of order 2?-3? = 36. 

6. Rs, in which in each 745, b, c, and f = 0, 2, 
or 4, thus determining e, «nd d « 0 or 3. The order 
is 33-2 = 54. 


d, e, and f 
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7. Re, in which in each 746, b, c, d, and f each 
equals 0, 2, or 4, thus determining e. Rs contains 
34 = 81 elements. 


Certain generalizations regarding cyclic 
groups of an order other than prime, in 
general, and groups of order pq, in par- 
ticular, can now be made. First, the only 
Ee) which are integral domains and fields 
are the rings of endomorphisms of prime 
order groups and the ring of endomorphisms 
of the group of order 1, because only these 
rings of endomorphisms contain no divisors 
of zero. Second, in composite-order groups 
such as those of order pq, the number of 
transformations included in the ring of 
endomorphisms may be very small in com- 
parison with the total number of elements 
included in the rings of transformations 
other than E,¢). Third, the only integral 


domains and fields included as R,z) of com- 
posite-order or prime-power groups do not 
contain the unity transformation 1. A simple 
example of one of these fields of order 2, 
taken from the 7\¢) of the cyclic group of 
order 6, includes the transformations 0 and 
‘ee (012345) 


100030 of: Addition and multiplica- 


tion are closed and commutative, A - A = 
A, the multiplicative identity is A, and the 
multiplicative inverse of A equals A. 

Transformation rings of the noncyclic 
group of order 4.—There are many types of 
non-cyclic groups, each having their own 
distinctive properties. The first such group 
to be considered is the commutative, low- 
est-order non-cyclic group of order 4, whose 
elements may be represented by 0, 2, y, 
and z. x and y are independent generators of 
order 2, and x + y = z. The group addition 
table follows: 


Appition TasLe or THE Noncyciic Group or ORDER 4 


aa, a 


é x 

0 x y 
x 0 z 
y z 


oO 


One example of such a group is the per- 
mutation group consisting of the identity 
1, independent generators ab and cd which 
correspond to x and y above, and their 
“sum”’, which is defined as their sequential 
permutation ab - cd, which corresponds to 


Oxryz Oxryz) 
= + 
Oyzd{\Oyzd)J 
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z. It should be noted that addition is com- 

mutative, and that every non-zero element 

is of order 2; that is, each element when 

added to itself gives the additive identity 

0 as the resultant. The general transforma- 
0x y 2) 

abcd / : 

In order to determine which 7’, may be in 
some ring, in equation (2) let A = T,, 
and B = C = 0. The customary expansion 
yields the result that a = a + a. Therefore, 
in order for any 7, to be in the same ring as 
the transformation 0, which is included in 
every ring of transformations, 7’, must be of 

me Oxryz 
the form ts ee i} 
T«) which have not been excluded from 
consideration as elements of some Ri . 
Next, in equation (2), let A B = T,, 
and C = T,- T,. lf,in T,,b = yandc = 
z, equation (2) becomes: 


Oryz\, Oey s\Uesys 
Oyzd) Ozd—j|\Oyzd 
Oxy Nertat 


\ozd—f\0yzas’ 


tion T, = 


There are now 4* = 64 


Ory z = {Ory a\ 4 {oz y z | 

Oy—-f \O0zd-{* \0d—-- 

Therefore: 
y=2z+d, 


In the same manner, if b = y and d = z, 
then c = z;ifc = zandd = z, then b = y; 
ifb = yandc = x, thend = z;ifc = z and 
d = y, then b = az; if b = z andd = z, 
then c = y; if b = zandc = zg, thend = y; 
if b = z andd = y, then c = zg; and if 
ec = xandd = y, then b = z. These condi- 
tions eliminate 21 more T'<) from considera- 
tion as elements of any Ry . 

In order to determine the elements of 
Ew), in equation (3) let x and y equal, 
respectively, the elements x and y of G, 
and A = T,: 


(x + y)T, = 2T, + yT, 
d=b +e 


so d = 2. 


By substituting additional elements into 
equation (3), the following additional con- 
ditions are imposed onthe elements of 





sion 
ore, 
z as 
1 in 
e of 

64 
“om 


(T) - 
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E@ : (a) b = c +d, (b)c = b + d. No 
further conditions are imposed on 7’, by 
substitution of any combination of elements 
of G in equation (3). The fact that the fol- 
lowing 16 elements which satisfy the above 
relations and therefore comprise Ei) are 
closed with respect to addition and multi- 
plication may be readily verified. The fol- 
lowing transformations comprise E) : 


x be Oxryz us Oxryz 

= ~ \Oaryal” Oyz2 
: aC {Oxryz D= at 
Ozzry mee Ozyz 
“tore: (Oryz Oxyz\ 
~ \Oyzz doles \ooz ‘\F, {0 


vee 
Bite ocras 


Oxryz\ 
0220 \oxr0z et 


{Oxryz Rie Oxy ‘. 
=10 xx0 00yy) 
Oxyz 

ae ‘0 20 ‘ 

In order to determine if A is in any ring 

other than a subring of Ey), in equation 


(2) let A, B, and C, respectively, equal 
T,, A, and A + A of E@: 


( 
Oryz fOryz\ Oxryz 
esate ieee Obed 


er ae 


eee 
\00zz 


GC 
G,.= 


Oyz2{\Obed 
+ Oxyz\fOrye 
el 


jOzryz Orye\ Oxryz 
\Obed "{o020 Odbec 

Therefore: 
b=et+d;c=d+b;d=b+e. 


Any T, included in the same ring with A 
must therefore be in Ec) , and consequently 
Eve) is not a subring of any larger Ri 
and A is not in any ring other than subrings 
of Ee) . In the same manner it may be shown 
that B, C, D, and E are in no ring other 
than subrings of E,«) . 

E.«) is neither an integral domain nor a 
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field due to the presence of divisors of zero 
such as F, - F, = 0. It may be shown that - 
the largest field which is included as a sub- 
ring of E,¢) and contains 1 is of order 4 and 
includes 0, 1, A, and B. 

In addition to the elements of Ey), 
the following 27 7'¢) have not been elimi- 
nated: from consideration as elements of 
some Ry : 


_ [Oxryz\ _ JOxyz 
“> \Orxa{ Ke = 19700 


fOxyz a fOxryez 
neat \002 i} Ms ~ 10002 


_ {Ory z\ K = eore 

lOvyys “ \00y0 

[Ory 2\ Oxzye 
~ \000yf°" 


= PPh: 


0 222) 


fOxryz 
~ \0200 M.= 


Oxryz ) ae 
~ \Oxry0f °* 
= {o0u3) 


O0y2{ >" = 
_ JOzryz Vv 
 zy2zi ™ 
_ jJOryz * 
a 
_ fOxryz ee 
~ Wzyz ” 


fOxryz\, 
me gs 


_ JOzy2zl a, 
" i. H Sex 


In equation (2) let A = B = J,,andC = 
T,. The only 7, which satisfy this equa- 
tion and which may therefore be included 
in the same ring as J, are those in which 
b, c, and d each equals 0 or z, namely 0, 
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Pay Gey Bar be: Ke te , nt: My: The 
above eight elements of R, are obviously 
closed with respect to both addition and 
multiplication, and it may be shown that 
they satisfy equation (2) by the following 
reasoning. Consider one element of any 
T, of R, such as b. If, in equation (2), b 
of A equals 0, then the equation will hold 
for b regardless of whether b equals 0 or x in 
B and C. Therefore, let b of A equal z. 
Now, if in C, b equals 0, then equation (2) 
again holds true regardless of whether b 
of B equals 0 or x. The same holds true for 
b of A if b of B equals 0. The only other 
possibility, namely that b equals x in A, 
B, and C, also satisfies equation (2), which 
becomes for 6, 0 = x + Therefore R, 
is a ring of transformations. It is obvious 
that corresponding R, and R, , each of order 
8, exist; and that J, , J, , and J, do not be- 
long to any ring other than subrings of 
R., R,, and R,, respectively. 

In equation (2), let A = B = S,,, and 
C = T,. The only T, which satisfy this 
equation are those in which 6 = 0 or a, 
and ¢ and d 0 or y; namely, 0, H,, Kz, 
K,, Ly, Nw, Pa, and S,,. Since these 
transformations are closed with respect to 
addition and multiplication, and satisfy 
equation (2) for all combinations of 7 in 
R., which includes the above eight trans- 
formations, R, is a ring. Similar R;, R,, 
R;, Re, and R; exist, based upon S,,, 
Sez, Ty, Tyz, and T.z, respectively. 

All of the 43 possible elements of some 
Rr) have now been shown to be elements 
of at least one Rir,. The only Riz) not in- 
cluded as a subring of one of the ten rings 
previously considered is R; , composed of 
@ i: Si ay Bey Nee Ne, OO Bee: 
Thus, it is indicated that all Ri) of the non- 
cyclic group of order 4 may be expressed 
as subrings of the following R¢r : 

&, B,C, BO &, Fas Pe, Fas Ge 
a Ay eae Ame Oe 
R, 2:0, 1, Ke, Bus Be, Neo, Noss Nes- 
R,: 0, H, , | a? re a a A 
Se ae eee oe ey ae ae 

s 0, Bie, Ray. Ray Sere Nee Fees Ses. 

° 0. @.. Re, BesMeos News Geen 

: 0, df - My: Koa Bes Maas Que, T; yz 
G:, Kz, Kz, Mz, Nez, Qee, Tz. 


E: 0; 


, 
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Re, taj My. 
Ky, Lyi, M 


R,: 0, Fe, Ge, He, Je, 
R,: 0, Fy, &; Be, Se, 


Do i; Ge i Bo Bh: 


All of these 11 R:r) contain divisors of zero, 
and consequently are neither integral do- 
mains nor fields. It should be noted that this 
non-cyclic group of order 4 is the first of the 
groups thus far considered in which the 
identity transformation is included in any 
ring other than Ey). In this group, the 
identity transformation is included in R, , 
which is not even a subring of Z, and in 
several subrings of Ey¢), such as F; : 0, 1, 
A, B which is also a field. 

Transformation rings of the dihedral group 
of order 6.—A dihedral group is a non-cyclic 
group which is generated by two elements of 
order 2 whose product is of order h. Car- 
michael has shown that such a group is of 
order 2h, that there is exactly one dihedral 
group of each even order greater than 2, and 
that the group is non-abelian if 2h exceeds 4 
Since there is but one non-cyclic group of 
4 and one of order 6, it follows that 
the non-cyclic groups of order 4 and 6 are 
dihedral groups. However, the dihedral 
group of order 4 has many properties which 
differ from those of dihedral groups of order 
greater than 4. For instance, the group of 
order 4 is the only dihedral group which is 
abelian. So let us consider the dihedral 
group of order 6 as a representative example 
of such groups of order greater than 4. 

In a manner similar to that used for the 
dihedral group of order 4, the abstract di- 
hedral group of order 6 may be represented 
by the elements 0, v, w, x, y, and z. Their 
addition table is given below: 


order 


Apprt1on TABLE or Tue Noncyciic Group or Orpver 6 


0 


Oo 


One example of such a group is the permu- 
tation group consisting of 1, abc, acb, ab, be, 
and ac, which correspond, respectively, 
to 0, v, w, x, y, and z. It should be noted 
that addition of v and w is commutative, 
while that of x, y, and z is not. v and w are 





DECEMBER 15, 1950 CLARK: RINGS OF 


of order 3, while x, y, and z are of order 2. 
» ._ JOvwzryz 
Yo =\abedeff’ 

If, in equation (2), A = T, and B = C = 
0, expansion yields the result that a = a + a, 
and therefore a = 0 in any 7, which is an 
element of some Rr). Now, in the same 
equation, let A, B, and C equal 7, . If, in 
T, , 6 = v, expansion of the equation proves 
that c = v + v = w. In the same manner, 
if b w, ec v; if ¢ w, b = v; and if 
c = v, b = w. Therefore, if in any T\@ in 
any Ry, b v or w, then the value of c 
is uniquely determined, and conversely. 

Again, let A, B, and C equal T,. If, in 
T,, », c, d, e, or f equals v, by expansion 
of equation (2) c b + 6b, and therefore 
c = 0, v, or w. In the same manner, if b, c, 
d, e, or f equals w, then b = c + c¢, and b 
0, v, or w. Suppose that some element 
T, equals v. Then, if ¢c = v, b = w; if e 
w, b vy; and if c = 0, b = 0, z, y, or z. 
if7; = 7T,+ T, + T, + T, + T, the ele- 
ment which equais v in 7’, equals w in 7;, 
and if b equals 2, y, or z in T, , then b equals 
x, y, or 2, respectively, in 7';. But in 7;, 
bs cs + cs, and so b cannot equal z, y, 
or z. Therefore if in T, , 6, c, d, e, or f equals 
v or w, one of the following conditions must 
exist in order for JT, to be in some Riry : 
(1) b 0; (2)b = v,c = w; (3) b Ww, 
Cc = Uv. 

In equation (2) again let A B=C 
T, and suppose b, c, d, e, or f equals z. 
expansion of equation (2), 0 d + d. 
Therefore d = 0, x, y, or z. Suppose d = y, 
and let T; = T,- T,. In T; the element 
which in JT, = x, equals y. In equation (1), 
let A = 7, and B = T,. The element which 
equals « in T, and y in T,, equals w in 
(A + B) and v in (B + A). Therefore equa- 
tion (1) does not hold true under these con- 
ditions and so d # y when some element 
equals x, if 7, may be in some Rr) . By the 
same reasoning, d ~ z under the same con- 
ditions. Therefore, if b, c, d, e, or f equals 
x, then d = 0 or 2; and, in the same manner 
if b, c, d, e, or f equals y, then e = 0 or y; 
and, if b, c, d, e, or f equals z, then f = 0 or z. 

Suppose in some 7’, an element in the 
lower row such as e equals x. Assume another 
T’ in the same ring as 7, in which 7”, e 
equals neither 0 nor x. Obviously if in equa- 


in 
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tion (1) A = T and B = T”, the equation 
is not satisfied. Therefore, if in 7, , b, c, d, 
e, or f equals xz, then in any other trans- 
formation 7” in the same ring, the corre- 
sponding b, c, d, e, or f equals 0 or x. By the 
same reasoning, the same conclusion is 
valid for y and z, respectively, and for v and 
w, jointly. Thus, it is indicated that all 
Rir, of G may be expressed as subrings of 
the following Ry : 


1. Rew, in which in each Ty, b, d, e, and f = 0, 
v, or w, thus determining c. Its order is 34 = 81. 

2. R:z, in which in each 7’, b, c, d, e, and f = 0 
or x. It contains 25 = 32 elements. 

3. Ry, in which in each 7',, b, c,d, e, and f = Oor y. 
Its order is 25 = 32. 

4. R,, in which in each 7, b, c, d, e, and f = 0 
or z. It contains 2° = 32 elements. 

5. Rhwz, in which in each 7,, b, e, and f 
v, or w, thus determining c, and d = 0 or x. It 
tains 33-2 = 54 elements. 

6. Riwy, ia which in each 7',, b, d, and f 0, 
v, or w, thus determining c, and e = 0 or y. Its 
order is 3-2 = 54. 

7. Rive, in which in each T,, 6, d, and e = 0, 
v, or w, thus determining c, and f = 0 or z. Its order 
is 33-2 = 54. 

8. R?2, in which in each 7,, b and e = 0, v, or 
w, thus determining c, and d and f = 0 or z. Its 
order is 3?-2? = 36. 

9. Riz, in which in each Ty, b and f = 0, v, 
or w, thus determining c, and d and e = 0 or z. 
Its order is 3?-2? = 36. 

10. R®.y, in which 7, is formed the same as i 
Rive except that d and e = 0 or y. 

11. R>.y, in which in each 7,5, 6 and d = 0, 
or w, thus determining c, and e and f = 0 or y. 
Its order is 37-2? = 36. 

12. R? 2, in which 7, is formed the same as i 
Rove except that d and f = 0 or z. 

13. Rive, in which 7, is formed the same as i 
Ri oy except that e and f = 0 or z. 

14. Rowryz, in which in each T,, b = 0, v, or w, 
thus determining c,d = 0 orz,e =Oory,andf = 
0 or z. Its order is 3-2* = 24. 

15. Rowzy, in which 7’, is formed the same as in 
Rowzys except that f = 0, v, or w. Its order 
is 3?-2? = 36. 

16. Rowsrz, in which 7’, is formed the same as in 
Rooryz except that e = 0, v, or w. Its order 
is 37-2? = 36. 

17. Rewyz, in which 7’, is formed the same as in 
Rewzy: except that d = 0, v, or w. Its order 
is 37-2? = 36. 

18. Riwzy, in which in each 7, b = 0, v, or w, 
thus determining c,d = 0 orz,ande and f =0Oor y. 
Its order is 3-2% = 24. 

19. Roe in which 7’, is formed the same as in 
Rivzy, except that f = 0 or z. 

20. Rozz, in which in each 7, b = 0, v, or w, 
thus determining c, d = 0 or xz, and eandf = Oorz. 
Its order is 24. 
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21. R2wzs, in which 7, is formed the same as in 
Bese, except that e = Oorz. 

22. Rieys, in which in each 7',, b = 0, v, or w, 
thus determining c,d and e = 0 ory, andf =Oorz. 
Its order i is 24. 

23. Riwys, in which 7, is formed the same as in 
Keni except that d = 0 or z. 

24. Nine rings, Ry. through R2,., in which in 
each 7,,d = Oorz,e = Oory,f =O0orz, and b 
and c each equals 0 or z, 0 or y, or 0 or z, in any one 
ring. Since, in any R, 6b and ¢ may each equal any 
one of three choices, there are nine rings of this 
type in all, each of order 2° = 32. 

25. Eight’ rings, Ri, through R%,, in which in 
each 7',,d = 0 or z,e = Oor y, and b, c, and f each 
equals 0 or z, or 0 or y, in any one ring. This type is 
of order 2° = 32. 

26. Eight rings, R}. through R%,, in which in 
each 7T,,d = 0 orz,f = 0 or z, and b, c, and e each 
equals 0 or z, or 0 or z, in any one ring. This type is 
also of order 32. 

27. Eight rings, R}. through R}., in which in 
each T,,e = O or y,f = 0 or z, and b, c, and d each 
equals 0 or y, or 0 or z, in any one ring. This type 
is also of order 32. 


Thus, there is a total of 56 independent 
Rr) in the totality of transformations of 
the dihedral group of order 6. Only one of 
these, Ryw2yz , includes the unity transforma- 
tion, and as will be demonstrated, this 
ring is not Eg). 

Now consider the determination of the 
endomorphisms of G. Let x and y of equa- 
tion (3) equal w, and A = 7, . Expanding 
equation (3) gives the result that b = c + ¢, 
and therefore b = 0, v, or w. Now let x and 
y of equation (3) equal v and w, respectively. 
Then 0 = b + ¢c, and so if b = 0,c = 0; 
if b = v,c = w; and if b = w,c = v. 


If x and y of equation (3) equal, respectively, 
zand y of G, thence = d + e; if x and y of equation 
(3) equal, respectively, y and z of G, thence = 
e + f; and if x and y of equation (3) equal, 
respectively, z and x of G, thence = f + d. 
Suppose x and y of equation (3) each equals x 
of G. Then O = d + d, and sod ¥ v or w. In 
the same manner, if x and y of equation (3) 
each equals y of G, then e does not equal v or w. 
By a similar use of z of G, it may be shown that 
f = v or w. Now select a possible 7(,) in which 
c = v. Then d, e, and f must each equal O, z, y, 
orz.InT; = 7+T7,c. = wandd =e =f =0. 
Therefore 7. does not satisfy the relation c. = 
d, + é, and consequently is included in nd E,,). 
T is also thereby excluded from every Eq), if 
c = v. The same method of reasoning applies 
when c = w. Therefore, since O = b + ¢, in 
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any 7 which may be in some E,,), b = c = O. 
The only 7(,) which satisfy the relations c = 
d+e=e+f=f +dandb =c = Oare the 


aE eh ge 4 


transformations O, T- OO0Orr:r 


Ovwryz Ovwzyz " ‘ 
‘0 OOyy _ pand 7, = -(9 OO0z:2 I Obviously 


T., T,, and T, are not commutative with respect 
to addition, and therefore do not satisfy equation 
(1). However, O and T, are closed with respect 
to addition and multiplication, and satisfy 
equation (3) for all elements of G. Also, since 
T. is the multiplicative identity and its own 
inverse, E,: O, T. is a field, in addition to being 
an integral domain and a ring of endomor- 
phisms. Since similar reasoning is applicable 
to E,: O, T, and. E,: O, T, there are three rings 
of endomorphisms of the non-cyclic group of 
order 6, ZH, E,, and E,, each a field of order 2. 

It should be noted that the identity trans- 
formation, although it is an endomorphism, be- 
longs to no Hig), beeause 1 +1 = {7 80 8 5) 
is not an endomorphism. This can be readily 
demonstrated by letting x and y of equation 
(3) equal, respetively, x and y of G. 


Transformation rings of the general di- 
hedral group.—Consider the general dihedral 
group of order 2h, where A is greater than 2. 


AppiT1on TABLE OF THE DinEepRAL Group or ORDER 2h 


The general transformation 


T, = ‘a vw: 


abe-:-:: 


-gh ry-::2 
ef jk--+m n{- 


By the same reasoning as that used with 
the dihedral group of order 6, if 7, is in some 


Ri , then a = 0. Now, since 0, v, ,his 
a cyclic subgroup of G, in any endomorphism 
{0 ie eh ses 
\° b---f— 

‘0 : : a Substituting x and y of G in 
equation (3), f of T, = 7 + k. Continuing 


the process f=j+k=---=m+n= 
n+ j. And, as in the dihedral group of order 6, 


will be an additive power of 
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sinceeO=j+tj=k+k=--- =n-+n, the 
only T'@) which fulfil these conditions are 


ooo haee+o DR 
of the form 7’, a ene es 


where 
s 


s takes on values 2, y, --: , 2, 2h. Therefore, 
since no two J, are commutative with 
respect to addition, there are h rings of 
endomorphisms in the transformations of a 
dihedral group of order 2h, each a field of 
order 2, containing (0) and T,. 
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PALEONTOLOGY .—Annotated list of fossil Mammalia associated with human re- 
mains at Melbourne, Fla.1 C. Lewts Gaztn, U. 8S. National Museum. 


Particular interest is attached to the asso- 
ciation of Mammalia represented at the 
fossil site near Melbourne, Fla., not only 
in the occurrence there of relatively adequate 
human remains but also in the representation 
of a so nearly complete fauna at a single 
locality. Moreover, the association as a whole 
tends to give evidence for the relatively late 
Pleistocene survival of many extinct types, 
at least insofar as Florida is concerned, and 
at the same time demonstrates an early 
appearance of man. 

Much has been written on the Pleistocene 
faunas of Florida, particularly by Simpson, 
Sellards, and Hay, which might appear to 
render the present report unnecessary. How- 
ever, it seems advisable that the various 
localities be treated separately as a matter 
of record, even though in any particular case 
the horizon worked may be known to be bed 
no. 2 or the Melbourne Bone Bed. There re- 
mains the possibility, as suggested by Doug- 
las Johnson, that this bed, because of the 
nature and mode of its accumulation might 
not everywhere be,of the same age. Hence, 
the fauna at the Melbourne locality in par- 
ticular, as well as that at Vero, because of 
the inclusion there of important buman 
remains should be carefully and completely 
documented. An earlier listing of the Mel- 

‘ Published by permission of the Secretary of 


the Smithsonian Institution. Received October 
10, 1950. 


bourne fauna by Gidley (1927), and as 
emended by Simpson (1929), preliminary in 
nature and very incomplete, was based only 
on collections obtained up to 1926. 

The history of the investigation of the 
Melbourne occurrence, so far as the hominid 
remains are concerned has been summarized 
by T. D. Stewart (1946). His reexamination 
and review of Melbourne Man were well 
done and constituted a necessary correction 
of the earlier work of Hrdlitka (1937). 

Gidley’s field work in Florida began in 
1925, at which time a joint expedition with 
F. B. Loomis was arranged to investigate 
the Melbourne occurrence on the grounds of 
the Country Club golf course, originally 
discovered by a local resident, C. P. Single- 
ton. This and Gidley’s subsequent seasons 
were reported in a series of popular accounts 
in Explorations and field work of the Smithso- 
nian Institution for 1925, 1928, 1929, and 
1930. Gidley collected there also in 1926, and 
although he was in Florida in 1927 there is 
no evidence that he worked at Melbourne 
that year. 

Gidley died shortly after his last season 
at Melbourne, and not all the collection was 
unpacked. I have since found that much of 
it was not carefully labeled, but sufficient 
evidence remains to demonstrate for any par- 
ticular form, except as otherwise noted, its 
occurrence either in bed no. 2 or at the 
contact plane between beds 2 and 3. In any 
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case, the occurrence of human bones beneath 
the top of no. 2 establishes their contempo- 
raneity with the other Mammalia in the 
upper part of no. 2 and at the contact plane. 

It has been maintained, particularly by 
Hay (1926), that the evidence furnished by 
many of the extinct forms in the fauna is for 
an early Pleistocene age. Although over half 
of the forms represented are extinct, I see 
no justification for this conclusion. The large 
number of extinct types included, however, 
does argue for a Pleistocene rather than a 
Recent age assignment. That the stage of 
the Pleistocene is late is indicated by striking 
closeness or identity to living forms shown 
by those representatives of lines which did 
not become extinct in this area. It has also 
been suggested that Florida served as a ha- 
ven for types disappearing in more northerly 
areas, that the fauna was largely relict. It 
seems likely that the fauna is residual to a 
limited extent and that some of the forms 
died out at earlier dates to the north, but 
the preponderantly Pleistocene aspect of 
the fauna cannot be reconciled with a post- 
Wisconsin age. Were one to postulate survi- 
val of such a large number of extinct forms 
into postglacial time the question arises why 
some (or more?) did not return northward 
with the return of more equitable conditions. 

The mammalian fauna as recognized is 
comprised of 50 forms, about 28 of these are 
extinct, and of the genera, 13 are extinct. 
There is a strong probability that with the 
exception of bats and some rodents the fauna 
obtained is very nearly complete, and in 
comparison with the living fauna is about 
50% larger. 

MARSUPIALIA 
Didelphis virginiana Kerr 

The opossum is well represented in the collec- 
tion by jaws and teeth, and, as elsewhere in the 
Pleistocene of North America, cannot be distin- 
guished from the living species. 

INSECTIVORA 
Scalopus aquaticus (Linnaeus) 

Among the assortment of small mammal bones 
are recognized some 40 of the characteristic hu- 
meri of this common mole. 

Insectivore?, indet. 


A single lower molar of a tvpe resembling that 
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seen in Blarina, but considerably larger, and of a 
different construction than in Scalopus is included 
in the collection. It is much smaller than in Di- 
delphis virginiana, although a small marsupial 
might be represented. 


PRIMATES 
Homo sapiens Linnaeus 


The skull, lower jaw, and other portions of the 
human skeleton found in bed no. 2, or the Mel- 
bourne formation, have been redescribed in detail 
by T. D. Stewart (1946). 


EDENTATA 


Megalonyx jeffersonii (Desmarest) 


A megalonychid ground sloth of strikingly large 
size is referred to M. jeffersonii. The material con- 
sists for the most part of scattered teeth although 
their arrangement in the collection suggests in 
some cases associated material. There are in addi- 
tion broken portions of both rami of a lower jaw, 
but with no certain association of teeth. An upper 
and lower caniniform tooth, probably from one 
individual, measure 130 mm in over-all length, 44 
mm in anteroposterior diameter, and 20 mm in 
transverse diameter for upper tooth and 120 mm 
in over-all length, 43 mm in anteroposterior diam- 
eter, and 17 mm in transverse diameter for the 
lower tooth. 


Megalonyx cf. wheatleyi Cope 


A number of isolated teeth, significantly smal- 
ler than those referred to M. jeffersonii are re- 
garded as representing a distinct species of Megal- 
onyx. 

Following the suggestion made by Simpson? for 
theSabertooth Cave material these are tentatively 
referred to one of the species Cope described from 
Port Kennedy, M. wheatleyi. 

Certain foot material, including a navicular, 
in the Melbourne collection cannot be certainly 
restricted to this or to M. jeffersonii. 


Paramylodon cf. harlani (Owen) 


Remains of mylodont sloth are scarce at Mel- 
bourne. Only a few teeth, nearly all of which are 
at an immature stage of wear, are recognized as 
belonging to this type of sloth. These youthful 
teeth are decidedly conical and show at their small 
bevelled end an approximation of the mature 
pattern. 


? Simpson, G. G., Amer. Mus. Nov. no. 328: 
11-13. 1928. 
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Dasypus bellus (Simpson) 


A nine-banded armadillo that Simpson* has 
given the name of Tatu bellus is represented in 
the Melbourne collection by literally hundreds of 
scutes from all sections of the carapace. I have 
not examined the lower jaw that Simpson des- 
cribed briefly and identified as coming from Mel- 
bourne. It does not appear to be in the collections 
of the National Museum. 


Holmesina septentrionalis (Leidy) 


The bulk of sloth material belongs to the giant 
armadillo that Leidy* described from Peace 
Creek, Fla. The genus Holmesina was proposed 
by Simpson* in keeping with a refinement of chla- 
mythere genera of South America made by 


Castellanos.*® 

In addition to a rather large number of scutes, 
the Melbourne collection includes elements of a 
forelimb and isolated foot and toe bones. 


Boreostracon floridanus Simpson 


In contrast to armadillo representation there 
are but five or six scutes of glyptodon. These are 
referred to the species described by Simpson? from 
the Seminole Field locality in Pinellas County. 


LAGOMORPHA 
Sylvilagus floridanus (Allen) 


The Florida cottontail is represented by but 
four lower jaws. The cheek teeth in these exhibit 
the relatively simple enamel pattern characteri- 
zing the modern material of Florida, and differ 
from the subspecies S. floridanus floridanus only 
in a slightly greater average size. 


Sylvilagus palustris (Bachman) 


More than 40 jaws and maxillae are referred 
to Tapeti or the marsh rabbit. There is noticeable 
variation in size and in the depth and complexity 
of the tooth enamel crenulations, particularly on 
the anterior wall of P3. The fossil material closely 
resembles the living form. The appearance of 
“Lepus, sp.”’ in the faunal list Gidley (1927) fur- 


®’ Simpson, G. G., Bull. Amer. Mus. Nat. Hist. 
56: 579-580. 1929. 

‘Lerpy, Josepu, Proc. Acad. Nat. Sci. Phila- 
delphia, 1889: 97. 

5 Simpson, G. G., Amer. Mus. Nov. no. 442: 
1-10. 1930. 

® CASTELLANOS, ALFREDO, Centro Estud. de 
Ingeneria de Rosario, 1927: 1-8. 

7’ Simpson, G. G., Bull. Amer. Mus. Nat. Hist. 
56: 581-583. 1929. 
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nished Hay is based on a specimen of Sylvilagus 
palustris. 


Sylvilagus palustrellus, n. sp. 


Type.—Left ramus of mandible with P; to Me 
inel., U.S.N.M. no. 18593. 

Horizon and locality—Melbourne formation, 
Melbourne, Fla. 

Specific characters.—Size about two-thirds that 
of Sylvilagus palustris. Jaw shallow and teeth 
relatively narrow transversely. Posterior leg of 
median enamel loop in lower cheek teeth crenu- 
lated as in S. palustris, but anterior wall of Ps; 
shows but a single shallow fold. 

A second specimen which is undoubtedly of the 
same species was collected by G. 8. Miller on 
Sugarloaf Key, Fla. in 1935. It has a U.S.N.M. 
Div. Mammals number 259231. The specimen is 
light in color, shows evidence of weathering, and 
has dark, sandy, carbonaceous matrix adhering to 
it. It is possible that this specimen is a fossil and 
subrecent in age. 

Other, more fragmentary specimens in the 
Melbourne collection may belong to this species, 
which may be regarded as a pigmy marsh rabbit. 


RODENTIA 
Geomys cf. floridanus (Audubon and Bachman) 


The Florida gopher is well represented by lower 
jaws. Considerable size range exists, and on the 
basis of the material at hand I was unable to 
distinguish the fossil material from Geomys tuza, 
which is defined as having a more northerly range. 


Castoroides cf. ohioensis Foster 

A single incisor portion was collected by Gidley 
in February 1930. There is no locality indicated 
on the specimen label, but although some excava- 
tion work was done this year at Indiantown, the 
bulk of the collection came from Melbourne. 
Castoroides was also recorded from near Sarasota, 
Fla., in beds regarded as equivalent to those at 
Melbourne. 

Oryzomys, sp. 

Three rather well preserved lower jaws, but 
lacking cheek teeth, are determined as represent- 
ing the rice rat. Critical comparisons were not 
feasible so no specific reference is made. 

Sigmodon hispidus Say and Ord 


About 15 jaws of cotton rat are preserved, and 
these show no significant differences from the 
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modern form. In these specimens, as well as in 
the modern material, considerable variation exists 
in the presence or absence and state of develop- 
ment reached in the postero-internal enamel fold 
on first and second lower cheek teeth. 


Neotoma floridana (Ord) 


The wood rat is well represented considering its 
searcity at other Florida occurrences. No differ- 
ences from the living species were observed other 
than some of the jaws appear rather large. 


Neofiber cf. alleni True 


Round-tailed muskrats are second in abun- 
dance only to gophers among the rodents in the 
collections. The fossil material corresponds closely 
in size to N. alleni but the enamel loops of the 
lower cheek teeth appear less markedly closed on 
the average, particularly the anterior loop of the 
last lower molar. 


Neochoerus pinckneyi (Hay) 


A tooth that appears to be a left P* in the 
Melbourne collection, but without precise locality 
and horizon data, except for the year 1926, repre- 
sents the giant capybara. The tooth is approxi- 
mately 50 per cent larger than in large recent 
capybaras but does not exhibit the additional 
external enamel fold on the second plate men- 
tioned by Simpson* for the Bradenton, Fla., skull. 
The Melbourne tooth might be one of the anterior 
molars, but comparison with Hydrochoerus isth- 
mius suggests P*. 


CARNIVORA 
Canis (Aenocyon) cf. ayersi Sellards 


More than two dozen isolated teeth and a 
nearly complete right ramus of the mandible are 
seen as belonging to the Florida dire wolf. Com- 
parison with equivalent material of C. Aenocyon 
dirus from Rancho La Brea reveals that no signifi- 
cant differences are to be found on the basis of 
lower jaw and tooth material. The principal dis- 
tinguishing feature of C. ayerst is described as the 
relative long and narrow rostrum of the skull. It 
remains for future material to demonstrate the 
persistence of this and certain other characteris- 
tics and it should be noted that recent wolves, as 
well as Rancho La Brea dire wolves, show striking 
individual variation in skull proportions. 


’ Simpson, G. G., Amer. Mus. Nov. no. 406: 
8. 1930. 
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Canis riviveronis Hay 


The coyote, not now living in Florida, is repre- 
sented at Melbourne, and elsewhere in the Mel- 
bourne beds, apparently by the extinct species 
C. riviveronis. The fossil type is very near the 
western coyote, Canis latrans, in size and most 
dental features, and may not be distinct. How- 
ever, the shortness of the anterior portion of the 
upper carnassial, which Hay included in his 
diagnosis of the Vero species appears reflected 
in the shortness of the triconid portion of the 
lower carnassial noticed in the Melbourne ma- 
terial. The coyote is represented at Melbourne 
by an incomplete right ramus of the lower jaw 
with M,; and Me and by about 12 isolated teeth. 


Urocyon cf. cinereoargenteus Schreber) 

A maxillary portion with P? and P*, and about 
six isolated teeth, including upper and lower car- 
nassials, of gray fox are apparently referrable to 
the modern species. The maxilla cannot be distin- 
guished from material of the living species, except 
possibly for a somewhat better developed antero- 
external angle to the cingulum of the upper 
carnassial. The lower carnassial does not have a 
reduced metaconid as described for Urocyon semi- 
nolensis®, and no certain evidence of the presence 
of the red fox Vulpes could be found in the 
Melbourne canid material, although an M' and 
two isolated premolars appear relatively large for 
Urocyon, and probably too small, certainly the 
molar, for coyote. 


Arctodus floridanus (Gidley) 

The tremarctine bear Arctodus floridanus was 
described by Gidley (1928) on the basis of ma- 
terial from the Melbourne locality. In addition to 
the type, which consists of skull fragments with 
upper canines and molars and the greater part of 
the left mandibular ramus, there are at least three 
more lower jaws, a pair of maxillae with teeth, and 
two dozen or so isolated teeth. Most of these were 
collected shortly after the description was pub- 
lished. The teeth in the referred maxillae are 
strikingly smaller than in the type and would 
appear to represent a distinct species; however, 
an examination of the extent of size variation of 
teeth in Tremarctos revealed an amazing differ- 
ence due to sex dimorphism. In the American 
black bear the dimorphism does not appear to 
extend to the size of the cheek teeth. 


* Simpson, G. G., Bull. Amer. Mus. Nat. Hist. 
56: 575. 1929. 
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Ursus (Euarctos) cf. floridanus (Merriam) 


The greater part of a skull and both lower jaws 
with most of the teeth, together with a few cervi- 
cal vertebrae from one individual is referred ten- 
tatively to the Florida species of the black bear. 
Such reference is not intended to imply support 
to recognition of U. (£.) floridanus as of more 
than a subspecies of U. (E£.) americanus, but is 
in keeping with Miller’s check list.'° 

With regard to the above specimen the softness 
of bone in comparison to the better indurated 
Arctodus material leads me to suspect that it 
might have come from bed “3’’, as the locality 
data is incomplete in this respect. There is very 
little other material in the collection which can 
be clearly assigned to black bear. 


Ursus, sp. 


The left half of the rostrum of a skull and a 
few cervical vertebrae believed to be associated 
are regarded as representing true Ursus. The 
rostrum of this form is short and deep, and the 
canine and last upper molar (M?) are of remark- 
ably large size. In the size of these two teeth no 
approximation could be found in any of the many 


black bear skulls in the National Museum ex- 
amined. On the other hand a favorable compari- 
son was made with small toothed individuals of 
Ursus horribilis, so far as canine and M? are 
concerned, but M! and particularly P* are notice- 
ably smaller. The cheek teeth in general are only 
a little larger than those in the type of Arctodus 
floridanus but the inner-cingulum and pattern 
details of the upper molars, and the structure 
of the zygomatic wing of the maxilla with the 
infraorbital canal are not Arctodus-like but truly 
ursine. I suspect a distinctive species is: repre- 
sented, possibly near in size to Ursus procerus 
Miller but in view of the profusion of names which 
have been applied to recent members of a highly 
variable animal I hesitate to add to the confusion, 


Procyon lotor (Linnaeus) 


Nearly 40 jaws, about 6 maxillae, and numer- 
ous isolated teeth of raccoon in the Melbourne 
collection appear referable to the living species P. 
lotor. Although much size variation exists within 
the material, none of the upper dentitions ap- 
peared small enough, or to have exhibited charac- 
ters suggesting Procyon nanus Simpson. However, 
a few of the isolated lower teeth were noticeably 


0 Miter, G. S., U. S. Nat. Mus. Bull. 128: 
92. 1923. 
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small, but no comparison could be made inasmuch 
as lower jaw material of P. nanus is unknown or 


undescribed. 


Spilogale ambarvalis Bangs 


A single right mandibular ramus with P: to My 
inclusive cannot be distinguished from jaws of 
the spotted skunk representing the present-day 
Floridian fauna. 


Lutra canadensis (Schreber) 


The Canadian otter is represented by various 
subspecies in Florida, and although the Mel- 
bourne fossil material cannot be assigned to any 
of them with assurance there is little doubt but 
that the otter living in the late Pleistocene at 
Melbourne, as well as other localities in Florida, 
was L. canadensis. 


Panthera augusta (Leidy) 


The Melbourne jaguar material has been des- 
cribed and figured by Simpson". His critical 
analysis of these and other specimens from the 
Pleistocene of North America has demonstrated 
that with some degree of probability the various 
finds which have been referred to such species as 
F.. augusta and F. veronis are scarcely more than 
a subspecies of Panthera onca. Since then Mc- 
Crady", from additional Tennessee material, has 
come to the conclusion that P. augusta might 
well be regarded as a distinct species. 

The presence of jaguar in the North American 
Pleistocene was not early recognized, but in the 
work of Merriam and Stock" such a relationship 
was outlined for Felis atror, and attention was 
calied to similar conclusions by Freudenberg. 
E. A. Goldman was much impressed by the 
similarity between F. atrox and F. onca and 
succeeded in convincing, by demonstration of 
material, other zoologists and paleontologists with 
whom he discussed this relationship. No doubt 
Gidley regarded the Florida material as jaguar, 
and Simpson in his review of the “Large Pleisto- 
cene Felines of North America” through a careful 
analytical study of the known specimens sub- 
stantiated such conclusions and straightened out 
the taxonomic confusion. 


Felis (Lynx) rufa Schreber 
Referred to the modern lynx is a rather well 
11 Simpson, G. G., Amer. Mus. Nov. no. 1136: 


1-27, figs. 1-11 (1). 1941. 
12 Manuscript in press. 
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preserved left mandibular ramus with the canine, 
P, and Mj, and in addition there are two jaw 
portions with premolars only and four isolated 
upper and lower carnassials. All materials appear 
to be well within the range of living Florida lynx. 
The generic name here used is in keeping with 
Simpson’s revision of the felids in his classification 
of the Mammalia. : 


Felis, sp. 


A smaller cat than the lynx, with more slender 
teeth, particularly P,, is represented by a right 
mandibular ramus with P, and M,. Gidley’s speci- 
men label had this indicated as a new species of 
Herpailurus, and derived from bed no. 2 at the 
Melbourne golf links. The specimen strongly 
resembles material of the jaguarundi but is a 
trifle large and deeper jawed, and on the other 
hand resembles just as closely material of Felis 
tigrina glaucula representing the subgenus Mar- 
gay. These small tropical cats range well up into 
Mexico, particularly the jaguarundi, which is 
recorded in Texas. Difficulty attaches to assign- 
ment of the fossil to one or the other of the small 
felids in being unable to certainly distinguish 


them, one from another, solely on characteristics 
of the two teeth and portion of the jaw repre- 
sented by the fossil. 


Smilodon cf. floridanus (Leidy) 


An isolated upper carnassial of a sabertooth 
type in all probability represents Leidy’s S. flori- 
danus. The size of the tooth is but slightly smaller 
than that which would have occupied the alveolus 
in the type. The tooth is appreciably smaller than 
in Smilodon californicus, and it is actually slightly 
shorter than the least dimenion given by Mer- 
ridm and Stock" for the Rancho La Brea speci- 
mens. 


PROBOSCIDEA 
Mammut americanum (Kerr) 


The American mastodon is rather adequately 
represented by two partial skeletons including 
jaw material and various isolated teeth. I see 
no reason for regarding the form occurring in the 
Melbourne bed as distinct from the common 
Pleistocene species of North America. 


‘8 Merriam, J. C., and Cuester Stock, Car- 
negie Inst. Washington Publ. 422: 195-199. 1932. 
4 Merriam, J. C., and Cuester Stock, ibid. 
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Mammuthus columbi (Falconer) 


According to Hopwood'® and as supported by 
Simpson, the Pleistocene mammoth, if not to be 
included in Elephas, has for the earliest avail- 
able generic name, Mammuthus. The bulk of the 
Melbourne material, consisting for the most part 
of isolated teeth in the National Museum col- 
lections, but including a skeleton now mounted 
for exhibition at Amherst, belongs without ques- 
tion to the columbian mammoth. 


Mammuthus imperator? (Leidy) 


Gidley'* was convinced that certain of the teeth 
from Melbourne represent the imperial mam- 
moth, presumably from the spacing of the enamel 
plates, which does about equal that in the type, 
but these particular Melbourne teeth are not 
so wide and generally less robust than indicated 
for M. imperator type material. The mammoth 
teeth in the Melbourne collection regarded as 
representing M. columbi show very considerable 
variation in spacing of plates and with one so 
closely spaced as to have suggested to Gidley the 
presence of “E. boreus” as shown by his specimen 
label. 

PERISSODACTYLA 


Equus complicatus Leidy 


There is among Gidley’s collections of various 
years from Melbourne something over 250 teeth 
belonging to Pleistocene horses. Of these there 
appears to be less than two dozen which would be 
logically referred to E. complicatus if more than 
one species is to be recognized. These are among 
the largest of the collection, corresponding closely 
in size to the type of the species. 


Equus leidyi Hay 


The bulk of the horse teeth, including those in 
several dentitions and jaws, are of intermediate 
size, though not sharply separated from FE. com- 
plicatus on this basis, and there is no persistent 
difference in the pattern of the enamel which can 
be used to define the species. No attempt is made 
in this paper to revise the many species of Pleisto- 
cene horses; as a consequence the material here 
encountered is taxonomically arranged as has 
been done in previous studies of Florida Pleisto- 
cene faunas. 

18 Hopwoop, A. T., Palaeontologia Sinica, ser. 
C, 9 (3): 97-98. 1935. 


16 GipLey, J. W., in H. F. Osborn, Proboscidea 
2: 996, 1005. 1942. 
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Equus littoralis? Hay 


Scarcely more than 10 or 12 of the isolate 1 
teeth can be regarded as small enough to comply 
with Hay’s” definition of EZ. littoralis. These teeth 
exhibit no distinctive dental pattern and no sharp 
line can be drawn between them and the smaller 
teeth included under EL. leidyi. They do, however, 
form a striking contrast in size with the teeth 
allocated to E. complicatus. 


Tapirus cf. haysii Leidy 


Included in the remains of tapir there is a 
complete upper cheek tooth series from both sides 
in which the teeth are relatively large for Tapirus 
veroensis. These approximate the proportions seen 
in an incomplete skull of 7. haysii from Port 
Kennedy. The premolars of the Melbourne speci- 
men are relatively a little larger than in 7’. vero- 
ensis. Certain isolated teeth also appear large in 
comparison with corresponding teeth in the type 
and referred material of 7’. veroensis. 


Tapirus veroensis Sellards 


The five lower jaws, several portions of denti- 
tions, and most of the isolated teeth comprising 
the tapir material from Melbourne are regarded 
as representing the Vero tapir. The development 
of the parastyle on the upper cheek teeth does 
not appear significant in the diagnosis of 7’. vero- 
ensis as this cusp is certainly not less developed 
in the Port Kennedy 7. haysit. Moreover, the 
cuspule between the protocone and hypocone seen 
in the type of 7’. veroensis is not always present, 
or may be but very slightly developed, in referred 
material of 7’. veroensis. 


ARTIODACTYLA 
Platygonus, near P. compressus LeConte 


Among the fragmentary peccary remains, an 
incomplete lower jaw including parts of both 
rami, the symphysial portion and most of the 
cheek teeth belong to a moderate sized species 
of Platygonus. It corresponds most closely to P. 
compressus, but with teeth a trifle larger. The 
diastema between the cheek teeth and canines, 
however, is fully as short as or shorter than in the 
P. compressus specimen which Leidy® described 
from Kentucky, very much shorterand the jaw 
is shallower than in P. cumberlandensis. 

191, Hav 0. P., Proc. U. 8. Nat. Mus. 44: 575-576. 
'S Lerpy, JosepH, Trans. Amer. Philos. Soc. 
10: 331-341, pls. 36, 37. 1853. 
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Platygonus cf. cumberlandensis Gidley 


A few of the isolated teeth of Platygonus are 
of larger size than those belonging to the above 
species and suggest possibly that P. cumberlan- 
densis or a species of equivalent size is represented 
in the fauna. 


Mylohyus gidleyi Simpson 

Undoubtedly much of the Mylohyus peccary 
material belongs to the species which Simpson!® 
has named M. gidleyi. One lower jaw portion with 
P; — M, corresponds very closely. This specimen 
shows the relatively small premolars which dis- 
tinguishes M. gidleyi from Mylohyus exortivus. 
Also, there is among the isolated teeth a Ps that 
has a single cusp representing the trigonid portion 
as in M. gidleyi. This tooth lacks the parastylid 
characterizing recent Tayassu material. 


Mylohyus cf. exortivus Gidley 


Some of the isolated teeth and partial denti- 
tions of Mylohyus are fully as large as in M. 
exortivus, but not so large as in M. pennsylvanicus. 
Moreover, a second P» in the collection has its 
trigonid portion divided as generally characteris- 
tic of Mylohyus, and as seen in M. exortivus. 


Tayassu, sp. 


At least 10 of the isolated teeth, apparently 
all upper molars, have the external cingulum too 
well developed for inclusion in Mylohyus. Also, 
a small number show somewhat more crenulation 
of the enamel about the cusps than is probable 
for Mylohyus, suggesting that Tayassu is repre- 
sented. The teeth are comparable in size to those 
in Tayassu pecari except for an M®* that appears 
relatively narrower. 


Tanupolama mirifica Simpson 


Eleven isolated teeth and two partial denti- 
tions, together with a few fore limb and foot 
elements comprise the camelid material in the 
Melbourne collection. All of this appears to repre- 
sent a single species belonging to the slender- 
limbed T'anupolama. The form represented cannot 
be distinguished from that which Simpson*® has 
described as 7’. mirifica from the Seminole Field. 
It is interesting to note that Gidley had prepared 
specimen labels for some of this material with 

19 Simpson, G. G., Bull. Amer. Mus. Nat. Hist. 


56: 591-592, figs. 15, 16B. 1929. 
20 Simpson, G. G., ibid.: 593-596. 1929. 
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a new generic name, which would have been valid 
had he published at that time (1924). 


Odocoileus virginianus (Boddaert) 


Remains of white-tailed deer are among the 
most abundant of the mammals represented in 
the fauna. Numerous horn portions, some of 
which are nearly complete, several jaws, and 
many isolated teeth, as well as an assortment of 
limb bones and vertebrae, are included. Assign- 
ment to the virginia deer is in conformity with 
current taxonomic work in which O. osceola is 
regarded as a subspecies of O. virginianus. There 
appears to be no evidence in the materials at hand 
of the South American Blastocerus which Simp- 
son* recognized in the Citrus County Cave. 


* Cervus? sp. 


A single isolated upper cheek tooth of cervid 
type cannot be referred to Odocoileus virginianus. 
In size it corresponds closely to a Dp‘ of Cervus 
canadensis but does not appear to be a milk tooth. 
Consideration has been given to the possibility 
of it being an upper milk tooth of bison but the 
resemblance in this case seems even more remote. 
It likely represents an intermediate sized cervid, 
such as has been noted in various Pleistocene 
occurrences in this country. 


Bison, sp. 


An assortment of limb and foot bones, jaw 
portions, and isolated teeth of a relatively large 
bison cannot, in the absence of skull and horn 
material, be identified specifically. Bison material 
from several Pleistocene occurrences in Florida 
have been referred to B. latifrons, but I am unable 
to verify its occurrence at Melbourne. 
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MYCOLOGY .—A Harposporium infecting eelworms by means of externally adhering 
awl-shaped conidia.: CHARLES DRECHSLER, Bureau of Plant Industry, Soils, and 
Agricultural Engineering. 


The genus Harposporium was erected by 
Lohde (6) in 1874 on a hyphomycetous nem- 
atode parasite that produced sickle-shaped 
conidia on slender sterigmata arising from 
globose diverticulations borne laterally on 
filamentous hyphae extended from the body 
of the animal host. This parasite he desig- 
nated as H. anguiliulae, but since in its 
brevity the original descriptive account— 
apparently only a recorder’s report of an oral 
discourse—contained little intimate detail, 
a really precise definition of the species was 
lacking until Zopf (7) 14 years later fur- 
nished very adequate particulars from study 
of an eelworm parasite that he had found 
in several localities in Germany and held 
identical with Lohde’s. There is, indeed, 
much likelihood that the identification was 
correct, for although the characterization 
given by Lohde would seem to fit tolerably 
well one other nematode-destroying form 
that has appeared in my cultures, the fungus 
described by Zopf seems of far more frequent 
occurrence, at least in the Middle Atlantic 
States, than any hyphomycetous nematode 
parasite that could be regarded as congeneric 
with it. Conidia not typically falcate are 
produced by four allied species I have set 
forth as members of the genus (/, pp. 793- 
800; 4) under the binomials H. helicoides, H. 
oxycoracum, H. diceraeum, and H. bysmato- 
sporum; the inclusion of these species being 
justified more especially by the subglobose 
shape of the lateral cells bearing the sterig- 
mata on which the conidia are formed. More 
recently another nematode parasite was 
found that seems best referable to the genus, 
though its conidiiferous cells depart rather 
markedly from the subspherical type. 

This parasite came to light in more than a 
dozen maizemeal-agar plate cultures which 
after being overgrown with mycelium of 
Pythium ultimum Trow, had been further 
planted with small quantities of decaying 
grass taken from an old weed pile in a garden 
near Beltsville, Maryland, on February 2, 


1 Received October 18, 1950. 





1950. Among the intermixed decaying leaves 
and culms, inflorescences of crabgrass (Digt- 
taria sanguinalis (L.) Scop.), goosegrass 
(Eleusine indica (L.) Gaertn.), bristlegrass 
(Setaria sp.), and Bermuda-grass (Cynodon 
dactylon (L.) Pers.) remained. easily recog- 
nizable. Rapid multiplication of eelworms 
ensued after the detritus was added, so that 
within ten days the cultures became liberally 
populated with these animals. One of the 
several species of eelworms that occurred 
in greatest number—a sharp-tailed species 
of Rhabditis? whose adult males, present in 
some abundance, were distinguished by a 
spicule of unusually large dimensions—then 
suffered mounting losses, and eventually the 
destruction of all motile individuals. Attack 
on a host nematode always proceeded from 
slender awl-shaped conidia that adhered to 
the integument. Early in the course of an 
epizootic within a plate culture, animals 
were most often found encumbered with one 
or, perhaps, two spores, but at later stages 
many eelworms could be seen moving about 
laden with a score of the tapering bodies 
(Fig. 1, a-t). Each conidium adhered by its 
narrower distal end, where it bore a slender 
process, mostly 2 to 5u long, that was di- 
rected usually at a wide angle with the main 
axis. This slender apical process was always 
formed before the spore adhered, and for 
some little time following affixture was the 
only modification to be seen (Fig. 1, a-c). 
Fairly soon, however, the spore would in- 
trude a delicate germ tube through the ani- 
mal’s integument, which on reaching the 
fleshy interior widened immediately to form 
a globose infection bladder (Fig. 1, d-s). Be- 
fore long the conidium showed increasing 
vacuolization as its contents migrated grad- 
ually into the bladder, and finally its mem- 
branous envelope was wholly emptied of 
protoplasm. Thereupon, or sometimes a lit- 





? For determination of this difficult eelworm I 
am indebted to Grace 8. Cobb, Edna M. Buhrer, 
and Albert L. Taylor, all of the Division of Nema- 
tology, Bureau of Plant Industry, Soils, and Agri- 
cultural Engineering. 
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lose degeneration of musculature and organs, 


tle earlier (Fig. 1, ¢), the infection bladder 


began autonomous 


gating as 


with the usual unfortunate result that for a 


development by elon- 
an assimilative hypha. The course 


time the invading filament and all its 
branches were largely obscured from view. 


of the growing hypha was marked by globu- 


Figs. 1-18.—(See opposite page for legend). 
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Later, after the degenerating materials had 
mostly been absorbed, the assimilative hy- 
phae, whether originating from single or 
plural infections, could be seen permeating 
the animal’s interior somewhat uniformly 
from head to tail (Fig. 2). At this state they 
revealed cross-walls at moderate or rather 
short intervals, and the cells composing them 
were filled rather completely with proto- 
plasm containing numerous granules. Sub- 
sequently as the animal’s contents became 
further diminished, the continued with- 
drawal of substance necessary for the pro- 
duction of conidiophores and conidia was 
accompanied by increasing vacuolization, 
until finally the membranous envelopes of 
the assimilative hyphae, like the host integu- 
ment surrounding them, were emptied of all 
protoplasmic residues. 

The fungus always sporulates outside of 
the dead animal. Lateral branches are given 
off from scattered segments of the assimila- 
tive hyphae, and soon push their way out 
narrowly through the host integument (Fig. 
2, a, b). Their external development is 
influenced markedly by the positional rela- 
tionship of the dead eelworm in or on the 
infested material. If the animal host chanced 
to succumb on the surface, the lateral branch 
on erupting from the integument may at 
once give rise to an external cell that soon 
pushes up an apical protrusion (Fig. 3) which 
will develop into a sterigma and conidium. 
After one terminal conidiiferous cell, or phia- 
lide, has been delimited, usually through 
deposition of a cross-wall about 5y outside 
the integument, a second phialide is often 
burgeoned forth laterally just below the first 
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(Fig. 4). Other phialides may be produced, 
likewise in lateral positions directly below 
the first or terminal one, thereby giving rise 
to clusters of three (Figs. 5-9), four (Figs. 
10-12), five (Fig. 13), and even six (Fig. 14). 
Dead host animals found on the surface of 
infested materials thus come to bristle with 
phialides in many places, and eventually the 
areas surrounding them are thickly bestrewn 
with detached conidia. 

In instances where the infected eelworms 
happen to succumb in positions well under 
the surface of an agar plate culture, much 
rangier conidial apparatus is developed. 
Many of the branches here, on erupting from 
the host integument, do not give rise to 
phialides directly, but grow upward or as- 
cendingly through the ambient, and on 
reaching the surface often elongate procum- 
bently (Figs. 15, 16). The resulting filaments, 
which often exceed 100 or 200u in length, 
and which soon become partitioned into cells 
mostly 5 to 15u long, show some meager 
branching of ordinary character apart from 
the more abundant special type of branching 
entailed in their production of lateral phialides 
(Fig. 15, a-h, j-m; Fig. 16, a-g, 7-l) from the 
distal end of many hyphal segments other 
than the terminal segments. The lateral 
phialides are produced singly or in two’s im- 
mediately below the distal cross-wall, their 
plural production usually being less frequent 
in submerged positions (Fig. 16, d, e) than in 
positions on or above the surface (Fig. 15, 
b, c; e, f; g, h; k, ). In addition to the apical 
sterigma with which they are regularly pro- 
vided, they often show one (Fig. 15, b, e, j, 
m; Fig. 16, b, k) or two (Fig. 15, d, k) sterig- 





Figs. 1-18.—Harposporium subuliforme, sp. nov., drawn toa uniform magnification with the aid ofa 
camera lucida, X 1000: 1, Small specimen of Rhabditis sp. to which are affixed 20 conidia, a-t: three of 
them, a-c, show only an adhesive spur at the a: in 16, d-s, an infection bladder is present as well 

d 


as an adhesive spur; in one, t, the infection bladder has begun to elongate into an assimilative hypha. 
2, Tail end of a specimen of Rhabditis sp., showing interior of animal occupied by assimilative hyphae 
from which two reproductive hyphae, a and b, have been extended. 3, Short reproductive hypha ter- 
minating in a single phialide. 4, Short reproductive hypha with a full-grown terminal phialide and an 
incompletely developed lateral phialide. 5-9, Short reproductive hyphae, each with three phialides, full 
grown or in course of development. 10-12, Short reproductive hyphae, each with four phialides, full 
grown or in course of development. 13, Short reproductive hypha bearing five fully developed phialides. 
14, Short reproductive hypha with six fully developed phialides. 15, Long reproductive hypha from an 
eelworm host that suecumbed under agar; the proximal portion of the hypha whereon is borne one phi- 
alide, a, with its four abjointed conidia, is submerged, while the distal portion with 13 phialides, b-n, 
is partly procumbent and partly ascending. 16, Long reproductive hypha extended from a submerged 
animal host; the proximal portion of the hypha whereon are borne eight phialides, a-h, is submerged, so 
that the conidia formed on seven of these phialides, a-g, have remained clustered near the sterigmata; 
the five phialides, i-m, borne on the procumbent distal portion of the branch prolonging the hypha are 
denuded of their fully developed conidia. 17, Detached conidia, a—-d, without adhesive spurs. 18, Ab- 
jointed conidia, a-z, each with an adhesive spur at its tip. 
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mata arising a short distance from the tip. 
Occasionally, besides, a sterigma may be- 
come branched (Fig. 15, h). The terminal 
hyphal segments here, as in related fungi, 
serve directly as phialides, and like the lat- 
eral cells of similar function, may have 
simple apical sterigmata (Fig. 16, A), 
branched sterigmata (Fig. 16, m), or plural 
sterigmata (Fig. 15, 7, n). 

The lateral phialide may rather correctly 
be described as flask-shaped, for with its 
usually elongated ellipsoidal venter, often 
two or three times longer than wide, and its 
slender though short sterigma, it offers much 
resemblance in outward form to some flasks 
of glass or metal that are widely familiar in 
our commerce. Only now and then is its 
venter so nearly globose that the shape of a 
Florence flask is approximated. As the 
Florence-flask type of lateral cell is strongly 
characteristic of Harposporium anguillulae, 
and occurs, besides, in the four congeneric 
species more recently made known, the pres- 
ent fungus might seem, if only the shape of 
its phialides were considered, less aptly refer- 
able to Harposporium than to Acrostalagmus 
or Cephalosporium. However, its conidia, 
when newly formed (Fig. 17, a-d), are slender 
awl-shaped bodies of dimensional propor- 
tions not usual in either of the two genera 
last mentioned. Wherever they develop un- 
disturbed in submerged positions they form 
groups of four, or five, or six, at the tips of 
the individual phialides (Fig. 15, a; Fig. 16, 
a-g). In these groups they very often show 
pronounced curvature (Fig. 15, a; Fig. 16, c, 
d, f, g), and thereby come to resemble rather 
strongly the conidia of H. anguillulae. As a 
rule the conidia that have developed in the 
air, whether on phialides surmounting eel- 
worms which succumbed in surface positions, 
or on phialides arising from procumbent or 
ascending prolongations of hyphae extended 
from dead animal under the surface (Fig. 
15, c-n; Fig. 16, i-m), are larger and more 
nearly straight than those of submerged 
origin. Soon after they have been cut off, the 
conidia very commonly wil! grow out 
obliquely at the tip to form the delicate proc- 
ess (Fig. 18, a-z) by means of which they 
adhere to suitable roving eelworms. In re- 
spect to this curious incipient germination, 
the fungus shows parallelism with the several 
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clamp-bearing basidiomycetous forms of 
similar biological habit that have been made 
known as members of the genus Nematocto- 
nus (1, pp. 773-780; 2; 3; 5). More especially 
it appears comparable with my N. tylosporus 
(1) since its adhesive substance is not col- 
lected in a visible droplet. Development of 
the adhesive spur is here not accompanied, 
as in species of Nematoctonus, by partial 
evacuation of the conidium. 

Presumably the fungus, like the species of 
Harposporium described earlier, is to be 
reckoned in the same series of interrelated 
clampless hyphomycetes to which belong 
the insectivorous as well as the nematode- 
destroying species of Acrostalagmus and 
Cephalosporium. A term having reference 
to its awl-shaped conidia may serve as an 
appropriately suggestive specific name. 


Harposporium subuliforme, sp. nov. Mycelium 
nutritum ramosum, incoloratum, septatum, intra 
vermiculos nematoideos viventes evolutum, in 
cellulis plerumque 5-1l5y et 2-3.8, crassis con- 
stans. Hyphae fertiles extra animal emortuum 
evolutae, interdum in materia animal ambiente 
omnino immersae interdum omnino vel magnem 
partem procumbentes vel ascendentes, in axe sim- 
plices vel parum ramosae, saepius 5-300, longae, 
in cellulis plerumque 5-25,y longis et 2-3u crassis 
constantes, ex plerisque cellulis 1-5 ramulos coni- 
diferos sursum ferentes; cellula terminali etiam 
ramulis conidiferis (phialis) vulgo lageniformibus, 
5-12, longis, 2.8-4.3. crassis, supra in 1-3 sterig- 
mata abeuntibus, saepe 4-6 conidia gignentibus; 
sterigmatibus simplicibus vel rarius ramosis, vulgo 
1-2.5y longis, 0.6—.8, crassis, conidiis incoloratis, 
subuliformibus, 12-26, longis, basi rotundatis, 
ibi 1-1.8, crassis, prope apicem 0.4—0.6, crassis, 
ex apice ramusculum glutinosum 2-5, longum et 
circa 0.64 crassum emittentibus. 

Vermiculos nematoideos specie Rhabditis ne- 
cans habitat in -foliis caulisbusque graminum 
(Digitariae sanguinalis, Eleusinis indicae, Cyno- 
dontis dactyli, Setariae sp.) putrescentibus prope 
Beltsville, Maryland. 

Assimilative mycelium colorless, branched, sep- 
tate, growing within living nematodes, composed 
of cells mostly 5 to 15u long and 2 to 3.8, wide. 
Conidiophorous hyphae developed outside of dead 
host, sometimes immersed entirely in the surround- 
ing material, sometimes in part or wholly pro- 
cumbent or ascending, only rather little given to 























ordinary branching, often 5 to 300, long, com- 
posed of cells mostly 5 to 25 long and 2 to 3u 
wide, the terminal cell regularly being conidii- 
ferous, many of the other axial segments bearing 
1 to 5 conidiiferous branches (phialides) distally; 
conidiiferous branches commonly flask-shaped, 
often 5 to 12u long, 2.8 to 4.34 wide, provided 
distally with 1 to 3 sterigmata on which collec- 
tively are often borne 4 to 6 conidia; sterigmata 
usually simple, occasionally branched, commonly 
1 to 2.5 long and 0.6 to 0.84 wide; conidia color- 
less, awl-shaped, straight or curved, 12 to 26, 
long, rounded at the base, proximally 1-1.8. 
wide, distally often 0.4 to 0.6% wide, soon putting 
forth obliquely from the tip an adhesive spur 2 
to 5u long and about 0.6, wide. 

Parasitic on a species of Rhabditis, it occurs 
in decaying leaves and stems of various grasses 
(Digitaria sanguinalis, Eleusine indica, Cynodon 
dactylon, and Setaria sp.) near Beltsville, Md 
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ENTOMOLOGY .—The Linnaean subgeneric names of Gryllus (Orthoptera) .! ASHLEY 
B. Gurney, U. 8. Bureau of Entomology and Plant Quarantine. 


In 1758 Linnaeus established six subdi- 
visions of the genus Gryllus,? and with the 
exception of Bulla all have come to have an 
important part in the development of no- 
menclature within the Orthoptera. Prior to 
1936, when Opinion 124 of the International 
Commission on Zoological Nomenclature 
was issued, the Linnaean subdivisions of 
(ryllus were generally treated as if they had 
acquired subgeneric status in 1758, since 
they appear to have been proposed in a man- 
ner that fully justified such acceptance. In 
practice they were raised to genera, in the 
concept of modern workers, but Opinion 124 
stated that under the International Rules 
the subdivisions of genera published by 
Linnaeus in 1758 were not to be accepted as 
of subgeneric value as of that date. This situ- 
ation created uncertainties, not only.regard- 
ing well-known generic names but involving 

' Received September 22, 1950. 

* The Linnaean subgeneric names of Phalaena 
(Lepidoptera) have recently been discussed in 
detail by Franclemont, 1950 (Journ. New York 
Ent. Soe. 68: 41-53), and the principles pre- 
sented therein likewise apply to the subgen- 
eric names of Gryllus, although prior to the issu- 
ance of Opinion 124, in the former case, the genus 


(Phalaena) had been suppressed in practice in 
favor of the subdivisions (Geometra, Noctua, etc.). 


two of the best known family names, Tetti- 
goniidae and Acrididae, as well. 

In view of the facts presented in the fol- 
lowing paragraphs, in September 1948 I re- 
quested the International Commission on 
Zoological Nomenclature to accept Tettigo- 
nia Linnaeus and Acrida Linnaeus as of sub- 
generic value as from 1758, under Suspension 
of the Rules, and to add them to the Official 
List of Generic Names in Zoology with type 
species as follows: 

Tettigonia Linnaeus—type, Gryllus viridissi- 

mus Linnaeus, 1758. 


Acrida Linnaeus—type, @Gryllus turritus Lin- 
naeus, 1758. 


It is to be hoped that workers having 
opinions or additional information concern- 
ing the Linnaean subdivisions of Gryllus will 
communicate with the International Com- 
mission. In this manner all viewpoints and 
available evidence will be before the Com- 
mission, thus permitting a settlement in the 
best interests of stability and uniformity. 


1. TETTIGONIA 


Tettigonia is one of six subdivisions’ of 


5 Regarding the other subdivisions of Gryllus 
Linnaeus, 1758, Locusta was added to the Official 
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Gryllus recognized by Linnaeus, 1758, and 
used by him in a sense corresponding to sub- 
genera of modern workers. Although invali- 
dated as of 1758 by Opinion 124 (1936), most 
taxonomic workers in the Orthoptera use the 
generic name Tettigonia Linnaeus, and the 
great majority of taxonomists and general 
entomologists utilize the orthopterous name 
Tettigoniidae.* This family name dates from 
the supergeneric group Tettigoniae of Stoll, 
1787 (Spectres, Mantes, etc., 1: Amsterdam), 
List under Opinion 158 (1945); Bulla was sup- 
pressed as a homonym of Bulla Linnaeus, 1758 
(Syst. Nat., ed. 10: 725) (Mollusca) under the 
amendment to Article 34 of the International 
Code adopted at Padua, 1930 (referred to in Opin- 
ion 124, 1936); Mantis, as of 1767 (Syst. Nat., ed. 
12: 689), was added to the Official List under Opin- 
a 149 (1943). For a time it appeared that Mantes 
Geoffroy, 1762 (Hist. des insectes 1: 399), might 
have a bearing on the usage of Mantis Linnaeus, 
1767, but the status of the Geoffroy publication 
has recently been studied by the International 
Commission, and the names there proposed have 
been ruled as unavailable except by use of the 
plenary powers (Heming, 1945, Bull. Zool. 
Nomel. 1 (5): 117; 1950, ibid. 4 (13/15): 366-369). 
(Linnaeus, 1767, used Mantis in a generic sense, 
Acrida and Acheta in a subgeneric sense.) 

‘The general use of Tettigoniidae and Acridi- 
dae is evidenced by the utilization of these fam- 
ily names in the volumes of Zoological Record 
since 1922 (28 years). Both are the names cur- 
rently used by the Bureau of Entomology and 
Plant Quarantine, in the United States, and the 
Commonwealth Institute of Entomology, for the 
British Commonwealth. The guidance in syste- 
matic entomology and the large number of routine 
identifications furnished by these two organiza- 
tions constitute a great influence on the nomen- 
clatorial usage of entomologists as a whole. Spe- 
cialists in three outstanding centers of systematic 
work on Orthoptera, namely, London, Philadel- 
phia, and Paris, use the above family names. 
They also appear in the handbook Locusts and 
Grasshoppers, published by B. P. Uvarov in 1928 
and familiar to nearly all economic workers on 
grasshoppers. 

Acrididae is the family name used in correspon- 
dence from the Anti-Locust Research Centre, 
in London, which organization is now coordinat- 
ing most of the international work on large-scale 
grasshopper control and research. 

Finally, a survey of published work by leading 
orthopterists throughout the world during the 
past 20 years shows that the preponderance of 
usage favors the family names Tettigoniidae and 
Acrididae. The following workers are among those 
whose publications were consulted and who have 
used these family names: J. A. G. Rehn, J. W. H. 
Rehn, M. Hebard, T. H. Hubbell, H. R. Roberts, 
B. B. Fulton, E. R. Tinkham, I. J. Cantrall, 
(U. S. A.); C. Bolivar (Mexico); J. Liebermann 
(Argentina); B. P. Uvarov, F. k. Zeuner (Eng- 
land); L. Chopard (France); K. Ander (Sweden) ; 
R. Ebner (Austria); W. Ramme (Germany); 
C. Willemse (Netherlands). 
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which was given the now accepted family 
ending -idae by Krauss, 1902 (Zool. Anz. 25: 
538). The only other family names that have 
been widely used in the same sense are Lo- 
custidae and Phasgonuridae.® The former is 
obviously unavailable here because Locusta 
is restricted to another family by Opinion 
158 (1945). The name Phasgonuridae dates 
from Kirby, 1891 (Trans. Ent. Soc. London 
1891: 405) but has been used less generally 
than Tettigoniidae, and in recent years rela- 
tively little, partly because of the assump- 
tion by many workers that Phasgonura 
Stephens, 1835 (Ill. Brit. Ent., Mand., 6: 15) 
(type: Gryllus viridissimus Linnaeus), is a 
synonym of Tettigonia Linnaeus, 1758 (see 
discussion of genotypes below). Validation 
of Tettigonia Linnaeus would permit the 
continued general use of the family name 
Tettigoniidae, thus avoiding further confu- 
sion in the nomenclature of an order the 
family names of which were formerly subject 
to frequent changes but which in recent 
years have gradually become more standard- 
ized. The practice of working orthopterists 
indicates the desirability of validating Tet- 
tigonia Linnaeus. 

Until the recent action of the Interna- 
tional Commission with respect to names 
proposed by Geoffroy, 1762 (Hist. des insects 
1: 429), in Homoptera, Tetigonia Geoffroy, 
1762, appeared valid if Tettigonia Linnaeus, 
1758 (Orthoptera), were to remain invalid. 
Since Tetigonia Geoffroy had priority over 
Ledra Fabricius, 1803 (Syst. Rhyng.: 24), 
which name had been in general use until 
very recently,® the use of Tetigonia Geoffroy 
appeared necessary. It was thought, there- 
fore, that confusion in the nomenclature of 
that group would be lessened if T'etigonia 
Geoffroy were rejected as a homonym 


5 Although the Rules are definite on certain 
aspects of family names, there is need for further 
clarification. (See Sabrosky, 1947, Amer. Nat. 
81: 153-160.) (Articles 4 and 5 of the International 
Rules of Zoological Nomenclature and Opinions 
133 (1936) and 141 (1943) of the International 
Commission on Zoological Nomenclature concern 
family names. ) 

®*China and Fennah, 1946 (Ann. Mag. Nat. 
Hist. (11) 12: 707-712, 1945) pointed out the neces- 
sity of using 7'etigonia Geoffroy, 1762, under rules 
then existing, and recognized that under ‘para- 
graph Id of Opinion 147 (1943) the slight difference 
in spelling (one or two t’s) in Linnaeus’ and Geof- 
froy’s names permits only one name to be valid. 
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through the validation of Tettigonia Lin- 
naeus, 1758. Thus, the validation of Tetti- 
gonia Linnaeus would clarify the nomencla- 
ture of two groups. However, if the Geoffroy 
names are to be considered unavailable 
(1950, Bull. Zool. Nomel. 4 (13/15): 366- 
369), validation of Tettigonia Linnaeus 
would no longer be an advantage to the no- 
menclature of the Homoptera. 

There are differences of opinion concern- 
ing the genotype of Teltigonia Linnaeus, and 
in the event of T'ettigonia being validated it 
is important that the type be fixed beyond 
further argument. Suspension of the Rules 
may be necessary to fix that genotype which 
will create least confusion in the nomencla- 
ture of the Orthoptera. The majority of 
current workers accept Gryllus virtdissimus 
Linnaeus as genotype, but I agree with 
Roberts, 1941 (Trans. Amer. Ent. Soc. 67: 
30-31), that the first valid designation was 
that of Kirby, 1890 (Sei. Proe. Roy. Dublin 
Soc. 6: 481), Gryllus verrucivorus Linnaeus. 
If the latter designation is followed, as should 
be done under a strict interpretation of the 
Rules, the genus Decticus Serville, 1831 
(Ann. Sci. Nat. 22: 159) (type: Gryllus ver- 
ruciwworus Linnaeus) will fall as a synonym 
of Tettigonia Linnaeus, at the same time 
invalidating the well-known subfamily name 
Decticinae. 

Uvarov, 1923 (Trans. Ent. Soc. Lond. 
1923: 493), and others have considered that 
Leach, 1815 (Edinburgh Encyclopedia: 120), 
designated Gryllus viridissimus Linnaeus as 
type of Tettigonia. Since Leach merely listed 
the species with no indication of type sig- 
nificance that I have discovered, type desig- 
nation is not evident. Karny, 1908 (Zool. 
Annalen, Zeit. fiir Ges. Zool. 2: 202-208), 
has argued that viridissimus became the 
genotype through the removal of all the 
other 16 species originally placed in Tetti- 
gonia by Linnaeus, 1758. Although selection 
of genotypes by elimination was once an 
accepted practice, it is believed to have no 
standing under present rules except in the 
case of a genus containing two species when 
one is removed to be type of another (Opin- 
ion 6, 1910) (also see Opinion 62, 1914). 
tehn, 1901 (Can. Ent. 33: 121), also rea- 
soned by the method of elimination that 
viridissimus is type of Tettigonia, but his 
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conclusion is so definite that it clearly con- 
stitutes type designation, the first clear-cut 
designation of that species, regardless of the 
reasoning involved. 

Kirby, 1890 (l.c.), reviewed the originally 
included species of Tettigonia Linnaeus and 
by the method of elimination concluded 
that verrucivorus should be type. (Quotation 
from Kirby: “. .. which leaves G. verrucivo- 
rus as the type of Tettigonia.”) Though not 
accepting Kirby’s method of arriving at a 
conclusion on the type of Tettigonia, I be- 
lieve, however, that his concluding state- 
ment, quoted above, constitutes type desig- 
nation, irrespective of the method used in 
reaching that conclusion. 

In the interest of nomenclatorial stability, 
it appears advisable to fix Gryllus viridisst- 
mus Linnaeus as genotype of Tettigonia 
Linnaeus, 1758, either under Suspension of 
Rules, or by ruling Kirby’s designation 
invalid. 


2. ACRIDA 


Acrida is the second subdivision of Gryllus 
recognized by Linnaeus, 1758. It is of prime 
importance as the basis of the family name 
Acrididae, and since the acridids include a 
very large number of highly economic locusts 
and short-horned grasshoppers, it is very 
desirable that stability of the family name be 
achieved. A great majority of both systema- 
tists and economic entomologists now use 
the name Acrididae,‘ which is derived from 
the supergeneric group Acridites of Latreille, 
1825 (Fam. Nat. Régne Animal: 414-416). 
All other names for the family are unsatis- 
factory because they lack priority, have had 
only a small amount of usage, or because 
they have been applied to different zoological 
groups in a manner that leads to confusion. 
For example, the name Locustidae dates 
from the group Locustariae of Latreille, 
1804 (Crust. insectes 12: 127-136), but at 
that time it was applied to katydids or long- 
horned grasshoppers (the Tettigoniidae of 
most current usage). In 1829 (Brit. Insects: 
301) Stephens applied Locustidae to grass- 
hoppers and locusts for the first time, and it 
has recently been done by Comstock, 1930 
(Introd. Ent.: 252), Essig, 1942 (College 
Ent.: 90), and several others, though Acri- 
didae is used by most modern taxonomists.* 
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To add to the confusion,” Comstock, 1930 
(l.c.: 254), used Locustinae for the subfamily 
of ‘“spine-throated locusts,’ though the 
genus Locusta is not included in that sub- 
family, actually belonging to the group 
usually called the Oedipodinae. 

A family name based on Acrydium has also 
been used, but Acrydium has been almost 
universally’ applied to the grouse-locusts 
(Tetrigidae), and so Acrydiidae would be 
confusing if applied to locusts and grass- 
hoppers. 

In order for Acrida to be available as a 
basis for the family name Acrididae, it 
appears necessary that it be dated from 
Linnaeus, as that generic name was not 
subsequently brought into general use by 
orthopterists until the time of Stal, 1873 
(Rec. Orthopt. 1: 88, 95-100). Between the 
time of Linnaeus and Stal, Kirby, 1825 
(Zool. Journ. 1: 432), and Curtis, 1825 
(Brit. Ent. 2: 82), applied the name Acrida 
to katydids rather than to short-horned 
grasshoppers (see Roberts, l.c.: 5) so that 
it becomes essential to establish the validity 
of Acrida L. 1758. Krauss, 1902 (Zool. Anz. 
25: 541), first designated a genotype of 
Acrida Linnaeus: Gryllus turritus Linnaeus, 
1758. Dirsh, 1949 (Eos 25: 15-47), has re- 
cently revised the western Palaearctic species 
of Acrida, but without commenting on the 
nomenclature of the genus itself. 


3. ACHETA 


Linnaeus’s fourth subdivision, Acheta, in- 
cludes the true crickets, which, of course, are 
exemplified by Gryllus itself, of which Gryllus 
campestris Linnaeus is type, selected by 
Latreille, 1810 (Crust. Arach. Insectes: 433) 
(Opinion 104, 1908). There was no subdi- 
vision bearing the name Gryllus correspond- 
ing to the typical subgenus in a modern 
sense. If the subdivision Acheta were to be 
construed as constituting only one genus or 
subgenus in the modern sense, then naturally 
the one for which a type was first designated 
would take precedence and the other would 
fall (Isogenotypic genera, Article 30, f, Inter- 


7 Roberts, 1941 (Trans. Amer. Ent. Soc. 67: 


24), has recently shown that contrary to the tradi- 
tional orthopterological practice, Acrydium Geof- 
froy 1762 actually applies to a zoological uni 


included in the Acrididae rather than the Tetri- 
gidae. 








JOURNAL OF THE WASHINGTON ACADEMY OF SCIENCES VOL. 40, No. 12 





national Rules). In this case the designation 
of a type for Gryllus antedates that of a type 
for Acheta. That fact is not a critical one, 
however, because under existing interpreta- 
tions of the rules (Opinion 124) Acheta was 
not at any time validly proposed by Lin- 
naeus. Furthermore, the majority of modern 
workers consider Gryllus domesticus Linnaeus 
not congeneric with Gryllus campestris Lin- 
naeus, so that another generic name is 
needed. In the belief that a new name was 
necessary, Uvarov, 1935 (Ann. Mag. Nat. 
Hist., ser. 10, 16: 320), proposed the genus 
Gryllulus, with type Gryllus domesticus Lin- 
naeus. As pointed out by Roberts, 1941 
(Trans. Amer. Ent. Soc. 67: 33), however, 
Acheta is available for use,. dating from 
Fabricius, 1775 (Syst. Ent.: 279). The Inter- 
national Commission has agreed (1950, Bull. 
Zool. Nomel. 4: (10/12): 266-267) that 
names proposed by Linnaeus in any editions 
of the Systema Naturae or by Fabricius as 
“intermediate terms placed between the 
generic name and the trivial name of a spe- 
cies” are not to be treated as baving acquired 
the status of subgeneric names. Acheta Fabri- 
cius, 1775, is clearly used in a generic sense, 
however, and so it is available, as already 
stated. Curtis, 1830 (Brit. Ent. 7: 293), des- 
ignated Gryllus domesticus Linnaeus as type 
of the genus “Acheta Fab., Lea., Sam.,” 
this being the first valid designation, and it 
establishes Acheta in the same sense as for- 
merly used dating from Linnaeus, 1758. Ac- 
cordingly, Gryilulus Uvarov falls as a syno- 
nym, as Roberts has noted. There is already 
some recent precedent for the use of Acheta, 
since the two common species occurring in 
the United States, Acheta domestica Linnaeus 
and Acheta assimilis Fabricius, are both 
represented in the list of Common Names 
sponsored by the American Association of 
Economic Entomologists (Journ. Econ. Ent. 
43: 117, 1950). 

No Suspension of Rules is necessary to 
validate the use of Acheta Fabricius, since 
its proposal and subsequent type designa- 
tion, cited above, are perfectly valid. How- 
ever, as Secretary Hemming of the Inter- 
national Commission has stated to me in 
correspondence, it would be desirable for 
Acheta Fabricius, 1775, with Gryllus domesti- 
cus, Linnaeus 1758, as type, to be added to the 
Official List of Generic Names in Zoology. 
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Karny, 1937 (Gen. Insectorum, fasc. 206, 
Gryllacrididae: 213), listed Acheta Fabricius, 
1775 (nec. Linnaeus), as a synonym of 
Schizodactylus Brulle, 1835, but that is a 
misapplication of the name, since Acheta has 
priority. Furthermore, although Gryllus 
monstrosus Drury, 1773, the type of Schizo- 





During the course of biological investiga- 
tions on Mona Island, Puerto Rico, several 
collections of an anostracan phyllopod were 
made. These animals were first observed, 
in temporary rain pools, on November 15, 
1949, by Felix Inigo, of the U. 8. Fish and 
Wildlife Service, Mayagiiez Branch. On 
April 14, 1950, Mr. Inigo collected 15 males 
and 18 females, and June 8, 1950, a third 
collection containing 60 males and 80 fe- 
males. On June 22, 1950, I collected 33 males 
and 66 females from a fourth pool in which 
these animals have been observed. Study of 
these animals indicated clearly that they 
represented an undescribed species of the 
genus Streptocephalus. 

Mona Island, politically a part of Puerto 
Rico, lies on latitude 18°05’ N. and longitude 
67°55’ W., approximately 48 miles west- 
southwest of Mayagiiez, Puerto Rico, and 
40 miles east-southeast of Punta Espada, 
Dominican Republic, of the Greater Antilles. 
The total area of the island is approximately 
14,000 acres. The island is relatively flat 
forming a mesa, averaging about 200 feet 
above sea level, which rises directly from the 
sea except for a coastal plain on the south- 
west side of the island. This coastal plain 
comprises approximately 1,000 acres on 
which a rich flora is found. The upper mesa 
has very little soil over the Ponce limestone 
(Miocene), which supports a sparse vegeta- 
tion. Specimens of Streptocephalus have been 
found in temporary rain pools on both the 
coastal plain and the upper mesa. 








‘Contribution from the Department of Biol- 
ogy, College of Agriculture and Mechanic Arts, 
Mayagiiez, P. R. Received October 6, 1950. 
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dactylus, was included in Acheta by Fabri- 
cius, 1775 (Syst. Ent., Appendix: 826), no 
designation of monstrosus as type of Acheta 
prior to Curtis’s designation of domesticus in 
1830 has come to my attention. Accordingly, 
Karny’s view is incorrect. 


ZOOLOGY .—A new species of. phyllopod of the genus Streptocephalus from Mona 
Island, Puerto Rico. N.T. Marrox, College of Agriculture and Mechanic Arts, 
Mayagiiez, Puerto Rico. (Communicated by Fenner A. Chace, Jr.) 


yenus Streptocephalus Baird 
Streptocephalus antillensis, n. sp. 
Figs. 1-5 

Description.—The clasping second antennae of 
the male present definite specific characters. The 
basal segments of these antennae are coalesced 
and with a very short bilobed frontal appendage 
extending between their bases (Fig. 1). The basal 
portion is long, slender, and much wrinkled with 
an outgrowth process arising from the lateral 
surface of the basal third of this segment. The 
inner, median, surface is variously spined. The 
terminal segment, or so-called “scissors” or 
“hand,” is very diagnostic. The internal shorter 
branch bears two processes at the base on the 
anterior surface (Fig. 2), the proximal one of these 
curves mediad, the distal process is more con- 
spicuous, longer, and free from the appendage. 
The distal end of this inner branch is curved 
ventrally and terminates in a rounded bilobed 
apex (Fig. 2 at a). The external branch of the 
” is proportionately much longer than 
that of other American species. The posterior, 
basal spur of this branch terminates in a distinc- 
tive “bird’s head’’-like form (Fig. 2, at 6). The 
“elbow”’ angle of this branch is very short, while 
the distal part is greatly attenuated and variously 
spined, from 15 to 19 spines, on its anterior 
surface. This spination is very distinctive. 

The head of the female possesses the typical 
two pairs of antennae without a frontal append- 
age. The second antennae are broad and shorter 
than the first and bear a few spines on the median 
distal surface (Fig. 3). 

The swimming appendages are typical of the 
genus. The endopodite is terminally notched and 
the praeepipodite has a slight median notch (Fig. 
4). Endites 3 and 4 have the typical two anterior 
setae and endite 5 the single seta. 


“scissors 
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Figs. 1-5.—1, Dorsal view of male head; 2, median view of second antenna of male; 3, dorsal view of 
head of female; 4, sixth swimming appendage of male; 5, dorsal view of male cercopods. (All camera- 
lucida outlines, scales equal 0.5 mm.) 
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The cercopods are distinctive. In both sexes 
the cercopods are heavily and regularly setiferous 
to the end. The cercopods are relatively short and 
lobeform and only slightly pointed (Fig. 5). 

The penes possess a short, median process near 
the base. Terminally the penis has a short, heavy 
spine. The vas deferens has the characteristic 
dorsal loop without a seminal vesicle. The lingui- 
form basal outgrowths mentioned by Linder 
(1941) are not present. 

The maximum size observed for these animals 
is 11.0 mm in length. The average length for 
males is 9.9 mm and for females 9.0 mm. Speci- 
mens hatched in the laboratory from dried mud 
taken from a dried pool lived for 45 days and did 
not develop above average size. 

Remarks.—Streptocephalus antillensis differs 
from the other western hemisphere species of the 
genus in many respects. Mackin (1942) indicates 
that the North American species prefer pools 
with abundant vegetation, while this species has 
been found in limestone pools devoid of vegeta- 
tion except for some algae. In size this species is 
smaller than the other North American species: 
S. sealii Ryder up to 36.2 mm; S. similis Baird 

‘ up to 15.5 mm, S. teranus Packard up to 29 mm, 
and 8S. dorothae Mackin up to 18 mm in length. 

Through the courtesy of the U. S. National 
Museum I have examined specimens of S. sealit 
(U.S.N.M. No. 180642), S. -teranus (U.S.N.M. 
No. 154820), and metatypes of S. dorothae (U.S. 
N.M. No. 79047). S. antillensis is easily separated 
from the species S. sealii and S. similis by the 
caudal furcae or cercopods, as in those two species 
the cercopods have heavy, curved spines distally 
instead of being setiferous to the end. Also S. 
similis has three processes on the anterior margin 
of the inner shorter branch of the male clasping 
antennae instead of the two processes of S. 
antillensis. S. similis has been recorded nearer, 
geographically, than any other species of the 
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genus having been taken from Jamaica and the 
Dominican Republic. There seems to be a’ closer 
relationship between S. texanus, S. dorothae and 
S. antillensis than with the other two American 
species; the cercopods are similar, and the pro- 
cesses on the external branch of the clasping 
antennae are similar. However, the spinous and 
very elongated external branch of the “hand” 
and the “bird’s head” termination of the basal 
spur are very distinctive, as are the shorter 
“elbow” section and general elongated propor- 
tions of this part. The more lobelike cercopods 
of S. antillensis also separate it from S. texanus 
and S. dorothae where the cercopods are more 
elongated and pointed. The presence of the spines 
on the elongated outer branch of the clasping 
antennae separates this species from all others 
of the genus except S. dichotomus Baird from 
India, S. papillatus Sars from Africa, and the 
varieties of S. torvicornis from Hungary, Egypt, 
and Morocco discussed by Daday (1910). These 
latter species are so distinctive in many respects 
that there is no chance of confusion with S. 
antillensis. The coalescence of the basal portions 
of the second antennae also seems to be a diag- 
nostic character for this species. 

Type locality —Mona Island, Puerto Rico. 

Types.—Holotype, male, U.S.N.M. no. 91085, 
and paratypes, both sexes, U.S.N.M. no. 91086, 
in the U. S. National Museum and in the writer’s 
collection. 
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ORNITHOLOGY .—The identity of the American vulture described as Cathartes bur- 
rovianus by Cassin.! ALEXANDER WETMORE, Smithsonian Institution. 


In the year 1845 on March 25 John Cas- 
sin presented before the Academy of Natural 
Sciences of Philadelphia the description of a 
species of American vulture based on a speci- 
men forwarded from México by Dr. Marma- 


‘Received October 24, 1950. 


duke Burrough (then recently deceased), 
who had served as United States consul at 
the Gulf coast port of Vera Cruz. This bird, 
which Cassin believed to be new to science 
because of its small size and certain color 
and structural characters, he named Cath- 
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artes burrovianus,? in honor of the collector 
“as a slight acknowledgment for his very 
valuable services to Natural History and to 
this Academy.” The identity of this speci- 
men remained uncertain for a good many 
years. Bowdler Sharpe’ noted its resemblance 
te the species known in his day as Cathartes 
(or Oenops) urubitinga but was assured by 
Elliot and P. L. Sclater, who had seen the 
type in Philadelphia, that it was nothing but 
a small specimen of the common Cathartes 
aura. At the same time Sharpe gave the 
name Oenops pernigra‘ to a vulture from 
Brazil that he described as “entirely black, 
with purplish reflections ...head yellow.” 
Ridgway*-considered C. burrovianus, which 
he called Burroughs’s turkey vulture, the 
valid name for the yellow-headed species 
éalled currently Cathartes urubutinga Pel- 
zeln,® supposedly a South American form, 
but from this conclusion given a range ex- 
tending from Brazil to Veracruz, and ques- 
tionably to Guanajuato (from data supplied 
by Professor Dugés). Sharpe’ followed Ridg- 
way’s treatment of burrovianus, adding Gui- 
ana to the stated range, and included also as 
another species his Cathartes  perniger 
(Sharpe) from “Guiana, Amazonia, Peru.”’ 
Finally Nelson,’ in a study of the North 
American turkey vultures, examined Cas- 
sin’s type of burrovianus and concluded that 
it was a specimen of Cathartes aura Linnaeus, 
the type locality of which he designated as 
the state of Veracruz, a treatment of burro- 
vianus that has been currently followed to 
the present time. There has been mention 
of these matters by other authors, but the 
above résumé covers the references pertinent 
to the present discussion. 


2 Cathartes Burrovianus Cassin, Proc. Acad. 
Nat. Sci. Philadelphia 2: 212. 1845 (near Vera 
Cruz, Veracruz, México). 

3 Cat. Birds Brit. Mus. 1: 28, 1874. 

‘Oenops pernigra Sharpe, Cat. Birds Brit. 
Mus. 1: 26. 1874 (“north’” = south side of the 
Rio Amazon, Brazil). 

5 Proc. U. S. Nat. Mus. 8: 34-35. 1885; Man. 
North Amer. Birds: 221. 1887. 

6 Cathartes urubutinga Pelzeln, Sitzb. math.- 
naturw. KI. Akad. Wiss. Wien 44: 7. 1861. (Fortin 
do Rio Branco, Amazonas, Brazil). 

7 Hand-list Gen. Spec. Birds 1: 240-241. 1899. 

§ Proc. Biol. Soc: Washington 18: 124. Apr. 18, 
1905. 
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For a good many years it has been appar- 
ent to me that the identification of the forms 
of turkey vultures from museum specimens 
is beset with many uncertainties. This im- 
pressed me particularly when I found that 
the skins of the yellow-headed species that I 
collected in northern Argentina and Para- 
guay in drying lost the distinctive head color 
so completely that it took close scrutiny to 
separate them from the red-headed forms. 
Further, there were difficulties in distin- 
guishing the subspecies of Cathartes aura. 
Because of this I have given these birds spe- 
cial attention whenever possible, especially 
during work in the field in Central America 
and in northern South America. 

In the dry season of 1948, with Watson M. 
Perrygo of the U.S. National Museum as as- 
sistant, I was in the field on the eastern side 
of the Azuero Peninsula on the Pacific coast 
of western Panama, where we made as com- 
plete a collection of birds as time permitted. 
On March 17 we visited the Ciénaga Ma- 
cana, near the small settlement of El Rincén 
in the northern section of the province of 
Herrera. While I waded waist deep in the 
lake for masked ducks, Perrygo devoted his 
attention to other species along the shore, 
at the same time watching to see that I did 
not get into trouble in the deep and sticky 
mud. Presently he shot three turkey vultures 
from birds that were circling overhead. I had 
noted from a distance that they appeared 
quite small and had supposed that they 
would be typical aura. It was a great sur- 
prise to find that the male, female, and im- 
mature male taken had the curious pattern 
of dull blue, dul! green, and dull yellow on 
the head that marked them as the South 
American species, the yellow-headed vulture. 
We returned immediately to our quarters in 
Parita, where Richard Stewart, staff photog- 
rapher of the National Geographic Society, 
another member of our party, recorded the 
head colors of our birds in kodachrome 
within an hour of their death. 

These specimens led me to continue an 
intensive examination of skins of the genus 
in American museums, where to date I have 
seen nearly 400 specimens in our leading 
collections. At the Academy of Natural Sci- 
ences of Philadelphia one problem was 
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solved when Rodolphe de Schauensee placed 
in my hands Cassin’s type of Cathartes bur- 
rovianus, since it was evident at a glance 
that this was the same as the birds taken in 
western Panama. It is planned eventually to 
summarize the growing amount of data on 
these birds assembled from museum mate- 
rial in a synopsis of all the forms of the genus. 
It seems desirable, however, to record the 
presence of the yellow-headed turkey vulture 
definitely in Central America and México 
that others may be warned to be on the look- 
out for it. 

The common name ‘“‘yellow-headed”’ is 
valid for the bird in life, since when seen 
clearly in flight the head appears distinctly 
yellow, in contrast to the definitely red head 
of Cathartes aura. In the hand, however, 
other colors are evident. From an aduit male 
that I shot at Las Palmas, Chaco, in north- 
ern Argentina on July 20, 1920, I wrote the 
following description from the freshly killed 
bird®: 


The bill was cream buff, shading to vinaceous 
buff on a broad area that extended onto the fore- 
head, behind the nostrils; side of the head in gen- 
eral, including eyelids, deep chrome; center of 
crown dark Tyrian blue, bordered on either side 
by a broad band of stone green; skin of throat pos- 
teriorly deep chrome, becoming paler forward, 
to shade into olive buff toward base of bill; space 
between mandibular rami spotted with dark Tyr- 
ian blue; a dull spot of slate blue beneath the nos- 
trils on either side; iris carmine; tarsus cartridge 
buff, shading to neutral gray on the toes, where the 
interscutal spaces have a scurfy whitish appear- 
ance. 


From the most brilliantly colored of the 
three taken at El Rincon, Herrera, Panamé, 
in 1948, a female, I made the following notes 
in life: Cere, forepart of crown to center of 
eyes, nape, back of head, and throat dull 
orange-red; center of crown dull bluish gray; 
sides of head from posterior [oral space 
through eye and ear, including the area down 
to below the gape, bright orange; lores green- 
ish yellow; spot in front of and slightly above 
eye dull bluish gray; sides and front of neck, 
including the area covered by papillae dull 
yellowish orange; iris red. The other two 


* Wetmore, U. 8S. Nat. Mus. Bull. 183: 87. 1926. 
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taken at the same time were somewhat 
duller. 

Foster Smith has furnished a sketch with 
a female shot at Cantaura, Anzodtegui, 
Venezuela, October 10, 1948, with colors 
marked as follows: Band across cere, extend- 
ing down across base of mandible and back 
over forehead to level of eye, red; an irregu- 
lar area on side of head covering auricular 
area and extending forward below eye dull 
dark orange; throat, foreneck, and sides of 
head in front off and above eye light blue 
with a greenish cast: posterior part of crown 
rather dark blue-gray; band across hindneck 
extending down posterior part of sides of 
neck light orange; iris dull red. 

A sketch made by George K. Cherrie, of a 
female taken at Caicara, Bolivar, Venezuela, 
August 9, 1898, and preserved with the skin, 
catalogue no. 469920 in the American Mu- 
seum of Natural History, gives the following 
data: Base of bill, throat, and upper foreneck 
dusky lavender-purple; cere and forehead 
pale creamy buff; space below eye ochre- 
yellow; posterior part of crown verditer blue; 
hindneck and sides of neck dusky orange- 
ochraceous. 

In addition to the color of the head Cath- 
artes burrovianus is marked by small but 
well-developed caruncles on the sides of the 
neck and at the base of the head. These are 
most evident in the adult but are slightly 
developed in immature individuals. The 
yellow-headed bird also is blacker, with few 
or no brownish edgings on the wing coverts. 
Northern specimens are small with tendency 
to increase in size from Brazil to northern 
Argentina. It is evident that two geographic 
races will be recognized when full informa- 
tion is available. 

It is clear that the name for the yellow- 
headed turkey vulture becomes Cathartes 
burrovianus Cassin dating from 1845, with 
Cathartes urubutinga Pelzeln, 1861, and 
Oenops pernigra Sharpe, 1874, as synonyms. 
Should a southern subspecies be recognized 
it is probable that one or both of the two 
latter names may cover it. This may be 
determined certainly when further data are 
available. 
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MAMMALOGY.—A new subspecies of harvest mouse (genus Reithrodontomys) 
from Chiapas, Mexico.! Emmet T. Hooper, University of Michigan Museum 


of Zoology. (Communicated by H. G. Deignan.) 


In November 1948, Dr. H. O. Wagner 
collected seven specimens of Reithrodon- 
tomys at Cintalapa, Chipas, a locality that 
previously had not been sampled for harvest 
mice. Three of the seven are examples of R. 
fulvescens chiapensis. Four are examples of 
R. mexicanus. An analysis of variation in the 
species mexicanus was underway at the time 
the specimens were received. In manuscript 
I referred the four specimens of R. mexicanus 
to the race howelli, and entered the quali- 
fying statement that ‘“‘extreme pallor, small 
auditory bullae and long hard palate obtain 
in the examples from the lowlands near Cin- 
talapa.’”’ In March 1950, Wagner obtained a 
small sample of R. mexicanus from Villa 
Flores, which lies 45 airline miles southeast 
of Cintalapa and also among the foothills of 
the Sierra Madre. Those specimens resemble 
the examples from Cintalapa. In the same 
set of characters the two series contrast with 
other samples of the species from México. 
They appear to represent a geographic race, 
heretofore undescribed. 


Reithrodontomys mexicanus scansor, n. subsp. 


Type.—Adult male, skin and skull; Univ. 
Mich. Mus. Zool. no. 96816; México, Chiapas, 
Villa Flores, elevation 2,000 feet; collected 
March 22, 1950, by Helmuth O. Wagner; 
original number 6023. 

Distribution.—Interior arid tropical valleys in 
southwestern Chiapas. Known range from 
Cintalapa, 1,700 feet, southeast to Villa Flores, 
2,000 feet. 

Characters and comparisons. 
R. mexicanus characterized by pale, vinaceous- 
tawny upperparts, small auditory bullae, and 
long hard palate. It differs from mexicanus in 
features as follows: 

Smaller skull, well seen in the measurements of 
cranial length, zygomatic breadth, and length 
of molar row. Incisive foramina shorter and 
palate relatively longer (on the average the 
length of palate is 93 percent of length of in- 
cisive foramina in scansor and 81 percent in 
mexicanus). Fur of upper parts shorter and 


A subspecies of 


1 Received September 14, 1950. 





paler, with much less blackish overlay (of the 
guard hairs); cover hairs basally near Dark 
Plumbeous’ rather than Plumbeous-Black; their 
distal bands paler (nearer Pinkish Cinnamon or 
Ochraceous-Tawny in subadult pelage and 
Orange-Cinnamon or Cinnamon in adult pelage, 
rather than Ochraceous-Tawny or Cinnamon. in 
subadults and Tawny in adults of mexicanus). 

Compared with howelli, scansor is paler and 
not as rufescent; the buffy bands appear slightly 
less rufescent in hue and the guard hairs either 
are fewer or are less blackish than in howelli. 
The auditory bullae are less inflated, the palate 
longer and the incisive foramina shorter (length 
of palate 93 per cent of length of foramina in 
scansor and 81 per cent in howelli). In the speci- 
mens of scansor the sphenopalatine vacuities 
are well-defined elongate slits. In most of the 
examples of howelli the vacuities are at best 
minute and irregular in outline. 

Measurements.—Averages and 
millimeters of six specimens from Cintalapa 
and Villa Flores: total length, 180 (174-195); 
tail vertebrae, 105 (100-105); hind foot, 19 
(18-21); ear measured from notch, 15, (15-16); 
greatest length of skull 22.7 (21.5-23.7); zygo- 
matic breadth, 11.8 (11.4-12.3); breadth of 
brain case 11.1 (10.8-11.3); depth of cranium, 
8.7 (8.4-9.0); interorbital breadth, 3.5 (3.4- 
3.7); breadth of rostrum, 4.2 (4.0-4.5); length 
of rostrum (measured from tip of nasal to notch, 
near lacrimal, on superior inner border of zygo- 
matic process of maxilla), 7.6 (7.4-8.2); least 
breadth of zygomatic plate, 1.5 (1.4-1.7); 
length of palate, 3.8 (3.5-4.2); alveolar length 
of molar row, 3.3 (3.1-3.4); length of incisive 
foramina, 4.1 (3.9-4.2): breadth of mesoptery- 
goid fossa, 1.5 (1.4-1.6). 

Remarks.—R. m. scansor inhabits arid tropical 
lowlands in the rain shadow of the Sierra Madre. 
In Central America and Mexico the species 
mexicanus is found predominantly in moist sub- 
tropical and temperate highlands within the 
altitudinal range 4,000-7,000 feet. Where con- 
ditions are locally suitable it descends into arid 
tropical lowlands. Dr. Wagner informs me (in 


extremes in 


? Capitalized color terms from Ridgway, Color 
standards and color nomenclature, 1912. 
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litt.) that at Cintalapa and Villa Flores the 
species was found only near stream courses and 
in swampy areas. The species is known to be 
semiarboreal in habit. The scansorial tendency is 
evident in scansor. Seven of the nine specimens 
were trapped in trees, three in flowering Ery- 
ihrina, and four in trees of undetermined kind. 
Another specimen was obtained under a clump 
of bushes and trees. 

In coloration and other characters of the fur 
scansor resembles R. pacificus. In both the 
coloration of the upperparts is comparatively 
drab and “streaked” in appearance and the fur 
is short and coarse. All specimens of pacificus 
that I have seen are smaller than those of 
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scansor, however; the smallness is well seen in 
the length of the hind foot, breadth of brain 
ease, and length of molar row. The tail of pacificus * 
is shorter, the interorbital diameter of the skull 
is relatively greater, and the rostrum is relatively 
broader. The external resemblances in those 
two forms appear to be responses to somewhat 
similar environments. Other characters of scan- 
sor suggest consanguinity with R. mexicanus; the 
form appears to be a geographic race of that 
species. 

Specimens examined.—Nine from _ localities 
in Chiapas, Mexico, as follows: Cintalapa, 
1,700 feet, 4; Villa Flores, 2,000 feet, 5. 


PROCEEDINGS OF THE ACADEMY 


440TH MEETING OF BOARD OF MANAGERS 


The 440th meeting of the Board of Managers, 
held in the Cosmos Club, October 30, 1950, was 
called to order at 8:05 p.m., by the President, 
F. B. Sitsper. Others present were: H. 8. Rap- 
PLEYE, H. A. Renper, F. C. Kracek, F. M. 
Deranporr, W. F. Fosuae, C. L. Gazin, H. P. 
Barss, A. T. McPuerson, C. F. W. Muese- 
BnEcK, W. A. Dayton, C. A. Betts, E. W. Pricer, 
MarGaret PitrmaN, and, by invitation, R. G. 
Bates and T. D. Stewart. 

At the request of the President, the Acting 
Secretary read the results of the ballot upon the 
amendment to article II, section 1, paragraph 3 
of the bylaws increasing the number of permitted 
active members of the Academy from 750 to 
1,000 and the resident members from 600 to 800, 
as follows: 


In favor of the amendment . 374 
Opposed to the amendment 1 
Not voting (returned ballot) 1 
Unsigned (therefore not tabulated 3 
Total ballots received 389 
Total membership canvassed 817 


The Chairman of the Committee on Meetings, 
F. M. Deranporr, announced that J. A. VAN 
ALLEN would speak on researches on upper at- 
mosphere at the next meeting of the Academy. 

The Chairman of the Committee on Member- 
ship R. G. Bares, presented 24 nominations for 
resident membership and 2 for nonresident. 
Twenty-four persons previously nominated were 
elected to resident membership. 





The Chairman of the Committee on Awards 
for Scientific Achievement, T. D. Stewart, an- 
nounced that the subcommittees had not yet re- 
ported their recommendations. However, in view 
of the situation existing in the consideration by 
the subcommittee for Physical Sciences for their 
nominee, the Board was requested to consider 
the situation of a team of two individuals work- 
ing on the same project and equally worthy. It 
was the feeling of the Board that, if this sub- 
committee proposed a team of two, the Board 
might be favorably inclined to suspend the Stand- 
ing Rules for its consideration. 

A. T. McPuerson introduced the following 
resolution, which was accepted by the Board, 
but no action was taken. 


Whereas it is stated in the Act of Incorporation 
of the Academy that the “‘particular business and 
objects are the promotion of science,’’ be it re- 
solved that an Award of the Academy be granted 
for Noteworthy Accomplishment in the Teaching 
of Science, and that this award be governed by the 
same conditions and limitations as the Academy 
Awards in the physical, biological, and engineer- 
ing sciences, and be it further resolved that the 
present Committee on Awards be augmented as 
necessary in order to give consideration to nomi- 
nations for an Award in the teaching of science 
for the current year. 


The President announced that he had received 
a letter from L. W. Parr, Chairman of the Com- 
mittee on Policy and Planning, regarding the 
activities of the Committee, past and present. 
The Acting Secretary reported the following 
deaths: Howarp 8S. Reep, University of Cali- 
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fornia, Berkeley, Calif., on May 12, 1950 (elected 


October 11, 1940); M. A. Rarnes, Howard Uni- 
versity, on July 1, 1950 (elected December 1, 
1939); C. W. Warpsurton, formerly with the 
Farm Credit Administration, on September 22, 
1950 (elected December 22, 1924; on retired list 
December 31, 1948). 

EMANUEL G. Zres was transferred to the re- 
tired list of members, effective December 31, 
1950. 

The Board approved a motion that $55 in 
addition to the $10 previously allotted in this 
year’s budget be provided for continuation of the 
Science Calendar and directed that the Affiliated 
Societies be circularized for whatever they are 
willing to contribute toward the $65 requested. 

TheSenior Editor, Frank C. Kracexk, read the 
following letter from Waverly Press, Inc.: 

October 18, 1950 


Dear Doctor Kracek: 
Waverly is an open shop but pays the same 
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wage scale as local union shops, for obvious rea- 
sons. On October first a new union contract was 
signed which gives the workers a 10% increase in 
wages and we must follow suit. 

As much as we dislike to do so, it is necessary 
to ask your permission to increase by 10% the 
rates for the Journal, effective with the first issue 
scheduled for 1951. 

As in the past, we will continue to charge for 
paper on a cost plus basis. During World War II 
our paper needs were taken care of by the Mead 
Paper Company. This company has given assur 
ance that sufficient paper will be provided for the 
Journal during the present emergency. 

I hope sincerely that this increase in rates will 
not be too upsetting to your publishing program. 
We have tried to give you as much advance notice 
as was possible. 

Sincerely yours, 
/s/ Francis C. Harwoop 


No action was taken, the matter being referred 
to next year’s Board to consider in its budget. 
The meeting was adjourned at 9:50 P.M. 
C. Lewis Gazin, Acting Secretary. 





INDEX TO VOLUME 40 


An asterisk (*) denotes the abstract of a paper presented before the Academy or an affiliated society. 


PROCEEDINGS OF THE ACADEMY AND AFFILIATED SOCIETIES 


Anthropological Society of Washington. 172. 
Philosophical Society of Washington. 306. 


Washington Academy of Sciences. 28, 63, 93, 170, 


198, 239, 302, 419. 


AUTHOR INDEX 


ALuIBONE, T. E. * Lightning. 306. 

Appuin, EstHer R.; Logsiicn, ALFrrep R., Jr.; 
and Tappan, HELEN. Two new Lower Cre- 
taceous lituolid Foraminifera. 75. 

ArRNETT, Ross H., Jr. Generic names of the beetle 
family Oedemeridae and their type species. 
216. 

Baker, Epwarp W. Further notes on the family 
Paratydeidae (Acarina), with a description of 
another new genus and species. 289. 

Batt, CARLETON R. New combinations in south- 
western Salix. 324. 

BarBeER, H. 8. Notes on Brontispa in Micronesia 
(Coleoptera, Chrysomelidae). 245. 

Bartscu, Pau. A new terrestrial mollusk from 

Mexico. 265. 

. Carlos de la Torre (obituary). 272. 

Basser, Ray 8. New genera of American Middle 
Ordovician ‘‘Cystoidea.’’ 273. 

Barer, Freperick M. A new precious coral from 
North Borneo. 59. 

———. A new species of the gorgonacean genus 
Ainigmaptilon Dean (Coelenterata: Octoco- 


rallia). 295. 


Bituines, Bruce H. * Right and left in physics. 
310. 

Buiakg, 8. F. Five new Asteraceae from Mexico 
and South America. 47. 

Brown, Rotanp W. An Oligocene cherry from 
Oregon. 321. 

Buu_eN, Ripuey P. An archeological survey of the 
Chattahoochee River Valley in Florida. 101. 

Burk, Dean. * Thermodynamic aspects of photo- 
synthesis. 308. 

CARLGREN, Oskar. A revision of some Actiniaria 
described by A. E. Verrill. 22. 

CaRPENTER, Epmunp 8S. Four Hopewellian tumuli 
in western New York. 209. 

Cuase, Acnes. Henri Francois Pittier (obituary). 
240. 

Cuiark, Austin H. The feather-stars, sea-urchins, 
and sea-stars of the United States Navy Ex- 
pedition 1947-48. 335. 

CuaRK, JOHN F., Jr. Rings associated with rings 
of endomorphisms of finite groups. 385. 

Cuarks, J. F. Gates. A new genus and three new 
species of Microlepidoptera from California 
(Ethmiidae). 161. 








or 
II 
ad 
ir 

he 


ill 


ce 








DecEMBER 15, 1950 





CLARKE, J. F. Gates. Two new genera and three 
new species of Microlepidoptera from Argen- 
tina (Gelechiidae). 285. 

Cocuran, Doris M. A new subspecies of toad from 
Santa Catharina, Brazil. 238. 

Cor, Wes.ey R. Nemerteans from Antarctica and 
the Antarctic Ocean. 56. 

Dayton, WiiuraM A. Clarence Arthur Reed (obit- 
uary). 207. giries 
DRECHSLER, CHARLES. A Harposporium infecting 
eelworms by means of externally adhering 

awl-shaped conidia. 405. 

Evans, Toomas M. See Traus, RoBert. 126. 

FassuLiotis, GEORGE. See FELDMESSER, JULIUS. 
355. ; 

FELDMESSER, JULIUS, and FassuLiotis, GEORGE. 
Reactions of the golden nematode of potatoes, 
Heterodera rostochiensis Wollenweber, to con- 
trolled temperatures and to attempted control 
measures. 355. 

Fenton, Wiitu1aM N. John Montgomery Cooper 
(obituary). 64. 

GarpNeER, MarsHatt C. An undescribed pika from 
Utah. 344. 

Gazin, C. Lewis. Annotated list of fossil Mam- 
malia associated with human remains at Mel- 
bourne, Fla. 397. 

Go.psteIn, L. Note on the specific heat of liquid- 
vapor mixtures. 97. 

Gurney, AsHLEY B. The Linnaean subgeneric 
names of Gryllus (Orthoptera). 409. 

Haut, Jonn S. * The matter of interstellar space. 
306. 

Henpricks, F. D. * Antibiotics. 307. 

Heratp, Ear 8. Ichthyocampus pawneet, a new 
pipefish from the Bahamas. 269. 

HERMANN, FrepErRIcK J. Three new Carices from 
Mexico and Guatemala. 282. 

Hey , Paut R. The limitations of the principle of 
superposition. 345. 

Hiiurer, J. * Present status of electron micros- 
copy. 310. 

Hippie, J. A. * Precise measurement of atomic 
masses. 308. 

Hopss, Horton H., Jr. A new crayfish of the 
genus Procambarus from Oklahoma and Ar- 
kansas (Decapoda, Astacidae). 194. 

HorrMaNn, Ricwarp L. A preliminary list of the 
cleidogonid millipeds, with descriptions of a 
new genus from Guatemala and a new species 
from Virginia. 87. 

Hooper, Emmet T. A new subspecies of harvest 
mouse (genus Reithrodontomys) from Chiapas, 
Mexico. 418. 

HuGueEs, Roscor D. The genetics laboratory mite 
Histiostoma laboratorium, n. sp. (Anoetidae). 
177. 

[LG, Paut L. A new copepod, Pseudanthessius 
latus (Cyeclopoida: Lichomolgidae), com- 
mensal with a marine flatworm. 129. 

James, Maurice T. The Stratiomyidae (Diptera) 

of New Caledonia and the New Hebrides with 

notes on the Solomon Islands forms. 248. 


INDEX 421 


JoHnsTonN, Francis E. * The theory of group 
representations. 308. . 

LacHNER, Ernest A. The comparative food habits 
jof the cyprinid fishes Nocomis bigutiatus and 
Nocomis micropogon in western New York. 229. 

Lapp, R. E. * Modern explosives and the national 
security. 309. 

Lewis, D. C. Comments on the classical theory of 
integral equations. 65. 

Lorsuicu, ALFRED R., Jr. See under App in, 
EstHer R. 75. 

———- and Tappan, HELEN, North American Jur- 
assic Foraminifera, II: Characteristic western 
interior Callovian species. 5. 

Loomis, H. F. Orator Fuller Cook (obituary). 173. 

———. Synonymy of some native American and 
introduced millipeds. 164. 

Martox, N. T. A new species of phyllopod of the 
genus Streptocephalus from Mona Island, 
Puerto Rico. 413. 

McCartny, Freperick D. See Serzter, FRANK 
M. 1. 

MeEnzE.L, D. H. * The sun and the universe. 312, 

MILLER, ALDEN H., and Storer, Ropert W. A 
new race of Parus sclateri from the Sierra 
Madre del Sur of Mexico. 301. 

MILLER, Car F. An analysis and interpretation 
of the ceramic remains from site 38Mc6 near 
Clarks Hill, 8. C. 350. 

Nayar, K. NaGappan. Description of a new species 
of amphipod of the genus Corophium from 
Adyar, Madras, India. 225. 

Nico, Davin. Recent species of the lucinoid pele- 
cypod Fimbria. 82. 

. Recent species of the prionodont pelecypod 
Cucullaea. 338. 

OruseR, Pauu H. Frank Ernest Aloysius Thone 
(obituary). 96. 

Parker, A. * Fuel research in Great Britain. 311. 

PeitiaM, J. R. * Recent experiments in liquid 
helium II. 309. 

Penn, Georce Henry. A new crawfish of the genus 
Orconectes from Louisiana (Decapoda: Asta- 
cidae). 166. 

———. A new Orconectes from the Pontchartrain 
watershed in Louisiana and Mississippi (Deca- 
poda: Astacidae). 381. 

Peters, JAMEs L. Two new genera of Furnariidae. 
169. 

Rapp.eYE, Howarp 8S. Charles J. Clifford (obitu- 
ary). 176. 

Rauscu, RoBert. Notes on microtine rodents from 
the Brooks Range, Arctic Alaska. 133. 

Ross, Epwarp 8. Additional illustrations and 
notes on Aedes bambusicolus Knight and Roze- 
bloom. 79. 

Ross, HerBert H. New species of Nearctic Rhy- 
acophila (Trichoptera, Rhyacophilidae). 260. 

SaBprosky, Curtis W. A synopsis of the chloropid 
genera Chaetochlorops and Eugauraz (Diptera). 
183. 

———. Notes on Trichopodini (Diptera, Larvae- 

voridae), with description of a new parasite of 

cotton stainers in Puerto Rico. 361. 








422 


ScHAEFFER, CLAubE E. Bird nomenclature and 
principles of avian taxonomy of the Blackfeet 
Indians. 37. 

Scuantz, Vioxia 8. A new race of badger (T'azidea) 
from Kansas. 92. 

Scuerrer, Victor B., and W1Lke, Forp. Validity 
of the subspecies Enhydra lutris nereis, the 
southern sea otter. 269. 

Scumitr, WaLpo L. Samuel Frederick Hildebrand 
(obituary), 29. 
ScHUBERT, BERNICE G. 

241. 

Scuuttz, LEONARD P. Notes on the blennioid fish 
genera Runula (subfamily Petroscirtinae) and 
Tripterygion and Helcogramma (family Clini- 
dae), of the American tropical Pacific. 266. 

Serzer, Henry W. Two new shrews of the genus 
Cryptotis from Panama. 299. 

Serzier, Frank M., and McCartuy, FREDERICK 
D. A unique archeological specimen from 
Australia. 1. 

SHockiey, Witiram. * New phenomena of elec- 
tronic conduction in semiconductors. 311. 
Sinciarir, G. Winston. Microfilms as publication. 

61. 
Situ, H. I. George Samuel Rice (obituary). 206. 
Smitu, Lyman B. A new Puya from Bolivia. 216. 
and ScuuBertT, Bernice G. Studies in the 
Begoniaceae, III. 241. 

So.ecki, RaLpuS. New data on the inland Eskimo 
of northern Alaska. 137. 

Sou gs, Joun D. A new species of T'erebripora from 
the Pacific (Bryozoa Ctenostomata). 378. 
Sparrow, F. K. Some Cuban Phycomycetes. 50. 
Srevens, Roun E. Perley G. Nutting (obituary). 

175. 

Stewart, T. D. Early description of lambdoid 
cranial deformity incorrectly attributed to 
the Navaho: Historical note on R. W. Shu- 
feldt, M.D. (1850-1934). 33. 

Stimson, H. F. Hobart Cutler Dickinson (obitu- 
ary). 205. 

Srocx, Cuester. Bears from the Pleistocene Cave 
of San Josecito, Nuevo Leén, Mexico. 317. 

SrorerR, Ropert W. See Miiuer, ALDEN H. 301. 


See Smiru, Lyman B. 


JOURNAL OF THE WASHINGTON ACADEMY OF SCIENCES 


voL. 40, No. 12 


SwALLeN, Jason R. Ectosperma, a new genus of 
grasses from California. 19. 

Swann, W. F. G. * Trends of thinking in modern 
physics. 310. 

Tappan, HELEN. See LoreBuiicu, ALFRED R., Jr. 5 

See Appin, Estuer R. 75. 

Tarsan, A. C. A consideration of mineral nutri 
tion of boxwood in relation to infection of 
meadow nematodes, Pratylenchus spp. 157. 

THIRUMALACHAR, M. J. Elsinoé viticola from India 
21. 

Toop, W. E. Ciype. The northern races of Dendro- 
colaptes certhia. 236. 

TravuB, Rospert. Sigmactenus, a new genus of flea 
from the Philippines. 371. 

Travus, Ropert, and Evans, Tuomas M. A new 
genus and species of trombiculid mite (Acar 
ina). 126. 

TreEss_LerR, Witits L. A synopsis of the ostracod 
genus Cypricercus, with a description of one 
new species from Wyoming. 291. 

TRUESDELL, C. On the balance between deforma 
tion and rotation in the motion of a continuous 
medium. 313. 

Watton, Bryce C. Some new and rare Pacific 
pagurids. 188. 

Wermore, ALEXANDER. The identity of the Ameri 
can vulture described as Cathartes burrovianus 
by Cassin. 415. 

WILKE, Forp. See Scuerrer, Vicror B. 269. 

Wi.L.LeyY, Gorpon R. Separate migrations as an 
explanation of physical variability among 
American Indians. 71. 

Wiiirams, ALwyn. New stropheodontid brachio- 
pods. 277. 

Witson, MiLprep Stratron. A new genus pro- 
posed for Lichomolgus major Williams (Copep 
oda, Cyelopoida). 298. 

Wimmer, E. Two new varieties of Centropogon 
from Colombia. 334. 

Zacuartas, J. R. * Molecular beams. 310. 

Zocu, Richmonp T. William Jackson Humphreys 
(obituary), 95. 

. The trend in temperature at Washington, 
D. C., for 1862-1949. 348. 


SUBJECT INDEX 


Anthropology. Early description of lambdoid cra- 
nial deformity incorrectly attributed to the 
Navaho: Historical note on R. W. Shufeldt, 
M.D. (1850-1934). T. D. Stewart. 33. 

New data on the inland Eskimo of northern 
Alaska. Raupu 8. Souecxr. 137. 

Separate migrations as an explanation of 
physical variability among American In- 
dians. Gorpon R. WI1LLey. 71. 

Archeology. A unique archeological specimen from 
Australia. Frank M. Serzier and FREp- 
erICK D. McCarrtny. 1. ’ 

An analysis and interpretation of the ceramic 
remains from site 38Mc6 near Clarks Hill, 
8S. C. Cart F. Miiuer. 350. 

An archeological survey of the Chattahoochee 


River Valley in Florida. Riptey P. BULLEN 
101. 

Four Hopewellian tumuli in western New 
York. Epmunp 8S. CARPENTER. 209. 
Astrophysics. * The matter of interstellar space. 

Joun 8. Hat. 306. 
* The sun and the universe. D. H. MENZEL. 
312. 

Biophysics. * Thermodynamic aspects of photo- 
synthesis. DEAN Burk. 308. 

Biology. A consideration of mineral nutrition of 
boxwood in relation to infection of meadow 
nematodes, Pretylenchus spp. A. C. Tar- 
JAN. 157. 

Reactions of the golden nematode of potatoes, 
Heterodera rostochiensis Wollenweber, to 





car 


cod 
one 


ma 
ous 


‘ifie 
eri 
nus 
an 
ong 
nio- 


ro- 
ep 


gon 


DECEMBER 15, 1950 


controlled temperatures and to attempted 
control measures. JULIUS FELDMESSER and 
GeorceE Fassu.iotis. 355. 

Botany. A new Puya from Bolivia. Lyman B. 
Situ. 216. 

Ectosperma, a new genus of grasses from Cali- 
fornia. JASON R. SwWALLeEN. 19. 

Five new Asteraceae from Mexico and South 
America. 8S. F. Bake. 47. 

New combinations in southwestern Saliz. 
CaRLETON R. BALL. 324. 

Studies in the Begoniaceae, III. Lyman B. 
Smiru and Bernice G. SCHUBERT. 241. 
Three new Carices from Mexico and Guate- 

mala. FrepeRICK J. HERMANN. 282. 

Two new varieties of Centropogon from Colom- 
bia. E. Wimmer. 354. 

Entomology. Additional illustrations and notes on 
Aedes bambusicolus Knight and Rozeboom. 
kpwarp 8. Ross. 79. 

A new genus and species of trombiculid mite 
(Acarina). Ropert Travus and Tuomas M. 
Evans. 126. 

A new genus and three new species of Micro- 
lepidoptera from California (Ethmiidae). J. 
F. Gates CLARKE. 161. 

A synopsis of the chloropid genera Chaeto- 
chlorops and Eugaurax (Diptera). Curtis 
W. Sasrosky. 183. 

Further notes on the family Paratydeidae 
(Acarina), with a description of another 
new genus and species. Epwarp W. Baker. 
289. 

Generic names of the beetle family Oedemeri- 
dae and their type species. Ross H. ARNETT, 
Jr. 217. 

New species of Nearctic Rhyacophila (Tri- 
choptera, Rhyacophilidae). Herspertr H. 
Ross. 260. 

Notes on Brontispa in Micronesia (Coleop- 
tera, Chrysomelidae). H. 8S. Barper. 245. 

Notes on Trichopodini (Diptera, Larvae- 
voridae), with description of a new parasite 
of cotton stainers in Puerto Rico. Curtis 
W. Sasrosky. 361. 

Sigmactenus, a new genus of flea from the 
Philippines. Rospert Travs. 371. 

The genetics laboratory mite Histiostoma labo- 
ratorium, n. sp. (Anoetidae). Roscor D. 
Huaues. 177. 

The Linnaean subgeneric names of Gryllus 
(Orthoptera). AsHitEy B. Gurney. 409. 
The Stratiomyidae (Diptera) of New Cale- 
donia and the New Hebrides with notes on 
the Solomon Islands forms. Maurice T. 

JAMES. 248. 

Two new genera and three new species of Mi- 
crolepidoptera from Argentina (Gelechii- 
dae). J. F. Gates CLarKeE. 285. 

inology. Bird nomenclature and principles of 
ivian taxonomy of the Blackfeet Indians. 
LAUDE E. ScHAEFFER. 37. 

Fuel rescarch. * Fuel research in Great Britain. 

A. PaRKER. 311. 


INDEX 423 


Herpetology. A new subspecies of toad from Santa 
Catharina, Brazil. Dorts M. Cocuran. 238. 

Ichthyology. Ichthyocampus pawneei, a new pipe- 
fish from the Bahamas. Ear S. Heracp. 
269. 

Notes on the blennioid fish genera Runula 
(subfamily Petroscirtinae) and T'ripterygion 
and Helcogramma (family Clinidae), of the 
American tropical Pacific. Leonarp P. 
ScHULTZ. 266. 

The comparative food habits of the cyprinid 
fishes Nocomis biguttatus and Nocomis mi- 
cropogon in western New York. Ernest A. 
LACHNER. 229. 

Malacology. A new terrestrial mollusk from Mex- 
ico. Paut Bartscu. 265. 

Recent species of the’ prionodont pelecypod 
Cucullaea. Davin Nico . 338. 

Mammalogy. A new race of badger (7'axidea) from 
Kansas. VioLa 8. ScHantz. 92. 

A new subspecies of harvest mouse (genus 
Reithrodontomys) from Chiapas, Mexico. 
Emmet T. Hooper. 418. 

An undescribed pike from Utah. MarsHatt C. 
GARDNER. 344. 

Notes on microtine rodents from the Brooks 
Range, Arctic Alaska. Ropert Rauscu. 133. 

Two new shrews of the genus Cryptotis from 
Panama. Henry W. Serzer. 299. 

Validity of the subspecies Enhydra lutris nereis, 
the southern sea otter. Victor B. SCHEFFER 
and Forp WILKE. 269. 

Mathematics. Comments on the classical theory of 
integral equations. D. C. Lewis. 65. 

On the balance between deformation and ro- 
tation in the motion of a continuous me- 
dium. C. TrRuESDELL. 313. 

Rings associated with rings of endomorphisms 
of finite groups. JoHn F. Cuark, Jr. 385. 

* The theory of group representations. FRAN- 
cis E. Jonnston. 308. 

Medicine. * Antibiotics. F. D. Henpricks. 307. 

Meteorology. The trend in temperature at Wash- 
ington, D. C., for 1862-1949. Ricumonp T. 
Zocu. 348. 

Mycology. A Harposporium infecting eelworms by 
means of externally adhering awl-shaped 
conidia. CHARLES DrReEcHSLER. 405. 

Elsinoé viticola from India. M. J. Tutrvu- 
MALACHAR. 2]. 

Some Cuban Phycomycetes. F. K. Sparrow. 50. 

Obituaries. 

Cuar.es J. Ciirrorp. 176. 

ORATOR FULLER Cook. 173. 

JoHN MONTGOMERY CoopER. 64. 
Hopart Cuter Dickinson. 205. 
SAMUEL FREDERICK HILDEBRAND. 29 
WixiuiaM Jackson Humpureys. 95. 
Perey G. Nuttina. 175. 

Henri Francois Pirtier. 240. 
CLARENCE ARTHUR REED. 207. 
GEORGE SAMUEL Rice. 206. 

FRANK Ernest ALoysius THONE. 96. 
CARLOS DE LA ToRRE. 272. 





Ornithology. A new race of Parus sclateri from the 
Sierra Madre del Sur of Mexico. AtpEN H. 
MILLER and Rosert W. Srorer. 301. 

The identity of the American vulture de- 
scribed as Cathartes burrovianus by Cassin. 
ALEXANDER Wermore. 415. 

The northern races of Dendrocolaptes certhia. 
W. E. Criype Topp. 236. 

Two new genera of Furnariidae. James L. 
Perers. 169. 

Paleobotany. An Oligocene evergreen cherry from 
Oregon. RoLtanp W. Brown. 321. 

Paleontology. Annotated list of fossil Mammalia 
associated with human remains at Mel- 
bourne, Fla. C. Lewis Gazin. 397. 

Bears from the Pleistocene Cave of San Jose- 
cito, Nuevo Leén, Mexico. CHEstTEerR Stock. 
317. 

New genera of American Middle Ordovician 
“Cystoidea.”’ Ray 8S. Basser. 273. 

New stropheodontid brachiopods. ALwyn 
WILLIAMS. 277. 

North American Jurassic Foraminifera, IT: 
Characteristic western interior Callovian 
species. ALFRED R. Logstuicu, Jr., and 
HELEN TappPaN. 5. 

Two new Lower Cretaceous lituolid For- 
aminifera. Estaer R. Apptin, ALFRED R. 
LogesB.icn, Jr., and HELEN Tappan. 75. 

Physics. * Lightning. T. E. ALLIBONE. 306. 

* Modern explosives and the national secur- 
ity. R. E. Lapp. 309. 

* Molecular beams. J. R. Zacwartas. 310. 

* New phenomena of electronic conduction in 
semiconductors. WILLIAM SHOCKLEY. 311. 

Note on the specific heat of liquid-vapor mix- 
tures. L. GoupstTern. 97. 

* Precise measurement. of atomic masses. J. 
A. Hippie. 308. 

* Present status of electron microscopy. J. 
Hillier. 310. 

* Recent experiments in liquid helium II. J. 
R. Petia. 309. 

* Right and left in physics. Bruce H. Bit- 
LINGs. 310. 

The limitations of the principle of super- 
position. Paut R. Heyt. 345. 


* Trends of thinking in modern physics. W. 


F. G. Swann. 310. 


Science publication. Microfilms as publication. G. 


WINSTON Srncuiarr. 61. 


a 


424 JOURNAL OF THE WASHINGTON ACADEMY OF SCIENCES VOL. 40, No. Ij 


Zoology. A new copepod, Pseudanthessius lat . 


(Cyelopoida: Lichomolgidae), commen: 
with a marine flatworm. Paut L. Inue. 129 

A new crawfish of the genus Orconectes from 
Louisiana (Decapoda: Astacidae). Grorag, 
Henry Penn. 166. 

A new crayfish of the genus Procambarus from 
Oklahoma and Arkansas (Decapoda, As 
tacidae). Horton H. Hopss, Jr. 194. ; 

A new genus proposed for Lichmolgus maje 
Williams (Copepoda, Cyclopoida). MILprep 
STRATTON WILSON. 298. 

A new Orconectes from the Pontchartrai 
watershed in Louisiana and Mississipy 
(Decapoda: Astacidae). Grorce Heng} 
PENN. 381. j 

A new precious coral from North Borne@, 
FREDERICK M. Bayer. 59. 

A new species of phyllopod of the genv 
Streptocephalus from Mona Island, Puert 
Rico. N. T. Matrox. 413. 

A new species of Terebripora from the Pacif 
(Bryozoa Ctenostomata). Joun D. Sov 
378. 

A new species of the gorgonacean genus A iné 
mapitilon Dean (Coelenterata: Octocorallia) 
Freperick M. Bayer. 295. P 

A preliminary list of the cleidogonid mill& 
peds, with descriptions of a new genus from 
Guatemala and a new species from Virginia 
Ricuarp L. Horrman. 87. E: 

A revision of some Actiniaria described by 
A. E. Verrill. Oskar CARLGREN. 22. 

A synopsis of the ostracod genus Cypricere 
with a description of one new species from 
Wyoming. Wiuuts L. Tressuer. 291. 

Description of a new species of amphipod of 
the genus Corophium from Adyar, Madrasy 
India. K. NaGappaAN Nayar. 225. 

Nemerteans from Antarctica and the Anta 
tic Ocean. Wes.Ley R. Cor. 56. 

Recent species of the lucinoid pelecypod F% 
bria. Davin NIco.. 82. 

Some new and rare Pacific pagurids. Bryce © 
Wa ron. 188. ’ 

Synonymy of some native American and if 
troduced millipeds. H. F. Loomis. 164. 

The feather-stars, sea-urchins, and sea-st 
of the United States Navy Antarctic Ex- 
pedition 1947-48. Austin H. Ciark. 335, 





or 
RED 


rain 
ipph 
NRY¥ 


neo, 


nus 
erté 


cifi¢ 
ULEY 


nige 
lia), 


ill 
[rom 
nia. 


‘rom 


d of 


lrag, 


tare- 


Fim- 





proead 


